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CIVILIAN HEALTH AS A FACTOR IN NATIONAL 
DEFENSE! 


K. E. MILLER? 


National defense calls for the mobilization of a// national resources. 
Fundamentally they may be classified as raw materials, financial re- 
sources and man-power. More briefly they are the three M’s—Materials, 
Money and Men—and the greatest of these is men. In fact the whole 
structure of national defense depends upon the human element. Since 
man-power is the keystone of the arch supporting the national defense 
program, it is good medical engineering to examine the strength of this 
all important element. 

In terms of national defense, man-power means vastly more than 
soldiers, sailors and marines. It even goes beyond those who are engaged 
in the so-called defense industries and includes any and all who are 
capable of any kind of productive service. Anything that would add 
to or detract from the efficiency of the various varieties of man-power is 
of vital importance to national defense. Just as water does not rise 
above its level, so man-power is no better than the source from which 
it is drawn. The source being the civilian population, an inquiry into 
civilian health and its bearing upon the man-power of the nation is of 
foremost concern. 

In appraising the physical efficiency of the nation, it is necessary to go 
beyond the mere incidence of communicable diseases. The nearest 
approach to the present status of this question is afforded by the findings 
of the National Health Survey which was made in 1935-1936. Some of 
the high lights of this survey will be summarized, with special stress upon 
the reciprocal relations between health and economics. 

It is estimated that the cost of illness and premature death in this 
country amounts annually to about ten billion dollars,—a tidy sum 
which would: go far toward off-setting the staggering expense of the 


1 Presented before the Joint Session of the Medical and Administrative Sections at the 
37th annual meeting of the National Tuberculosis Association, San Antonio, Texas, May 8, 
1941. 

2 Medical Director, U. S. Public Health Service, Fort Sam Houston, Texas. 
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national defense program. It is further estimated that 70 million sick 
persons each year lose over one billion days from work or customary 
activities. While it is true that death rates are declining, it is also true 
that birth rates are following the same trend. In terms of a continuing 
national defense program, the declining birth rate is not a healthy sign. 
In like manner the 75,000 stillbirths, 36,000 deaths of premature infants 
in the first month of life and infant deaths from other causes take a 
heavy toll of future man-power. In this connection a word may be said 
about woman-power. The maternal death rate still remains unduly 
high. For the United States as a whole in 1936, it was 57 for each 10,000 
live births, more than twice that of Sweden. This is accounted for in 
part by the fact that nearly a quarter of a million women did not have 
the advantage of a physician’s care at delivery. 

With respect to disabling conditions among children, at least 6 out of 
every 1,000 are crippled or seriously handicapped by diseases or condi- 
tions such as poliomyelitis, tuberculosis, birth injuries, injuries due to 
accident, rheumatic heart disease and congenital deformities, such as 
club-foot and harelip. In a nationwide survey, including dental defects, 
it was shown that for every 1,000 children entering school there were 
approximately 1,300 defects that needed attention. 

At the adult level a large volume of unnecessary morbidity and mor- 
tality is found. Each year 40,000 young adults between the ages of 
fifteen and forty-five die from tuberculosis. These deaths represent 
about three-fifths of all deaths from this cause. Be it noted that this 
heavy loss comes approximately within the age limits for military service. 
Be it further noted that for every death there are approximately 10 
clinical cases of illness from tuberculosis. 

Among the venereal diseases, it is estimated that 578,000 new patients 
seek treatment for syphilis each year, and that 1,037,000 new cases of 
gonorrhoea occur. Some 60,000 cases of congenital syphilis occur 
annually, thus accounting for a large portion of the infant deaths. Syph- 
ilitic involvement of the heart, blood vessels and nervous system results 
in almost 50,000 deaths each year in addition to those specifically charged 
to syphilis. 

With respect to pneumonia, the figures loom large but the prospect 
is more encouraging since the advent of the more improved methods of 
treatment, including the use of sulphapyridine, sulphathiazole and im- 
mune serum. In 1930-1935 an average of 96,000 deaths from pneumonia 
were recorded annually. The morbidity averaged about 588,000. 
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The seriousness of malaria as a disabling disease both among the 
civilian and military population is well known, and is of special impor- 
tant to the southern states. The annual morbidity from this disease, 
however, cannot be estimated with any degree of accuracy. 

The decline in the total death rate has been accomplished largely 
by life-saving in infancy and childhood, thus allowing larger numbers to 
reach the age of maturity. There may consequently be expected an 
upward trend in the chronic diseases of middle and old age, such as heart 
disease, nephritis, cancer and diabetes. The results of the National 
Health Survey indicate that chronic diseases alone account for six of the 
ten days (60 per cent) of incapacity from serious disabling illness experi- 
enced by the average person in a year. Cancer in 1936 was responsible 
for 143,000 deaths, or 10 per cent of the total; heart disease 341,000; 
apoplexy 104,000; arteriosclerosis and other circulatory diseases 29,000; 
diseases of the kidneys 107,000; and diabetes 30,000. The mental hos- 
pitals contain about 500,000 inmates, with some 50,000 on parole. About 
150,000 patients are admitted or readmitted annually. About 75,000 
patients are in institutions for the feeble-minded and epileptic. The 
mentally deficient patients outside the institutions are estimated at 
900,000. About $150,000,000 from public funds is spent annually for 
the operation and maintenance of mental hospitals. 

A survey of civilian health conditions would not be complete without 
a notation as to industrial hazards, particularly since they are so closely 
concerned with national defense. It is well known that this country is 
becoming progressively more highly industralized. The 1930 census 
showed 49 million persons gainfully employed, of whom nearly 15 million 
were in industrial establishments where the bulk of occupational diseases 
and industrial accidents occur. The data for occupational mortality are 
sufficient to indicate that the rate among the industrial workers is greater 
than for the whole group of gainfully employed persons. Particularly is 
this true among unskilled workers whose death rate is 100 per cent in 
excess of the death rate for agricultural workers. The morbidity rates 
show corresponding ratios. 

How much of the wastage from unnecessary illness and premature 
death could be avoided, it is impossible to say. It is, however, definitely 
known that with more adequately distributed medical care and public 
health protection prodigious savings both in men and money could be 
effected, at a cost in no way commensurate with the dividends. More- 
over, the extent to which the civilian population is below the physical 
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par will be reflected in their inability to produce both the material sinews 
of national defense, and the man quotas that will be accepted for military 
service. But before passing from this phase of the subject, a study of 
the economic levels of the sick will shed much light upon the incidence 
of sickness. 

The favorable trend of morbidity and mortality is unfortunately not 
experienced by all economic groups. The poor of our larger cities ex- 
perience sickness and mortality rates as high to-day as were the gross 
rates of fifty years ago. The association of sickness with low family 
income is illustrated by figures taken from a survey of representative 
white families in 1928-1931. The following figures relate to wage-earners 
of both sexes, ages fifteen to sixty-four in skilled, semiskilled and un- 
skilled occupations: 


Annual Days of 
Family Income Disability per Person 


From the foregoing it will be seen that the disability due to illness was 
nearly two and a half times as great among persons in the income group 
under $1200 as in the group above $3000. 

The National Health Survey in 1935-1936 canvassed 750,000 families 
(not persons) in 84 urban communities. A study of the first 2,308,600 
persons in this group, representing 81 of the surveyed communities, 
showed that disabling illness among those on relief occurred at an annual 
rate of 47 per cent higher for acute illnesses, and 87 per cent higher for 
chronic illnesses than the corresponding rates for families with incomes 
of $3000 and over. The annual days of disability per capita in the relief 
group was found to be three times as great as in the upper income group. 
The nonrelief population with a family income under $1000 showed an 
amount of disability over twice that of the highest income group. One 
in every 20 heads of families in the relief group was unable to work be- 
cause of chronic disability, as contrasted with only one in 250 heads of 
families with an income of $3000 and over. Children of relief families 
experienced 30 per cent greater loss of time from school and usual ac- 
tivities because of illness than did children from families in moderate or 
comfortable circumstances. These findings add up to one obvious 
fact, that, broadly speaking, sickness varies inversely with the economic 
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status, and that the load falls most heavily upon those who are least able 
to bear it. When it is recalled that the low income groups constitute a 
large proportion of those who are employed in industries more or less 
directly connected with national defense, the losses sustained as a result 
of unnecessary illness may be regarded in the light of domestic sabotage. 
Although America boasts the highest standard of living in the world, it 
is maintained on good authority that one-third of the population is ill- 
nourished, ill-housed and ill-clothed. 

It is from surroundings such as have been described that the fighting 
forces are recruited. The physical status of those subject to military 
service cannot fail to be affected accordingly. This was proven beyond 
a doubt by our experiences during the World War. Among the so-called 
“second million” examined in the World War draft, 21.3 per cent were 
rejected, 9.9 per cent placed in limited service groups, and 52.1 per cent 
were found to have defects. Thus, about one-third (31.2 per cent) were 
classified as not available for general military service. There are no 
means of estimating how much of this defectiveness could have been 
avoided, but it is pertinent to observe that many of the defects belong 
to groups which in large part may be regarded as remediable. Some of 
the more important conditions from this point of view include: defective 
vision, 40.8 per 1,000 drafted men; underweight 29.6; tuberculosis, 24.2; 
hernia, 21; venereal diseases, 7.1; defective hearing 6.8; varicose veins 
and varicocele, 6.1; goiter, 5.7; hypertrophic tonsillitis, 5.3; and 
trachoma, 1.1. 

The broad classification of defects for which men were either rejected 
or accepted for limited service only is shown in chart 1 in terms per 1,000 
drafted men. 

In connection with the Selective Service Act, physical examinations 
of selectees are again in progress. It is, of course, too early to determine 
what may be the ultimate findings among men in the age group twenty- 
one to thirty-six years of age. An inquiry has been made into this sub- 
ject from the State Selective Service Boards in the 8th Corps Area, 
comprising the States of Texas, Oklahoma, Colorado, New Mexico 
and Arizona._ 

Although each state follows the same basic procedure as the others in 
conducting the examinations, different groupings are observed in the 
tabulation of results. Also the examination reports in some instances 
include the findings of the induction boards, whereas in others they do 
not. The data received from the States of this Corps Area are sufficiently 
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similar only in the States of Texas and Oklahoma to be comparable. 
Fortunately these two states contribute the great majority of the selectees 
for this area, so that the findings in these states will be fairly representa- 
tive of the Corps Area as a whole. 

A condensed tabulation of the figures for Texas and Oklahoma is given 
in tables 1 and 2. 

From the data set forth in tables 1 and 2, a combined chart has been 
prepared for the sake of comparison with chart 1 based on the draft 
examinations during the World War 1917-1918 (chart 2). 

The combined sample in Texas and Oklahoma is comparatively large, 
being 37,132 in the former, and 21,834 in the latter, making a total of 
59,006. 

The total rejections in Texas are exactly 30 per cent; in Oklahoma 
they aggregate 44.75 per cent, of which 41.3 per cent were for physical 
defects and 3.45 per cent for felonies. In comparison with the uniformly 
high rates of rejection for other causes in Oklahoma, the rejections on 
account of tuberculosis appear to be surprisingly low. In Texas also 
the rejections for tuberculosis are lower than might be anticipated. 
These findings are perhaps due in part to the fact that routine chest 
plates were not made. 

In the study of tables 1 and 2, it will be recalled that the figures repre- 
sent only the findings of the local Selective Service Boards. How many 
more men are rejected by the Induction Boards is not known. In New 
Mexico, for instance, the rejections for Call 2 amounted to 22.2 per cent 
of those reporting at the Induction Station. In Colorado the total per- 
centage of rejections at the Induction Center for Calls 1 to 6 was 6.465, 
but for Call 6 it dropped to 4.6, indicating an improvement in the work 
of the local boards. 

Figures released by the War Department on April 5 indicate that more 
than 40 per cent of selectees are being rejected in preliminary and final 
physical examinations. Before reaching the induction centres, 32 per 
cent of the registrants not deferred for other reasons were eliminated by 
local medical examining boards. Of the first 100,000 passing this hurdle, 
a further 18,971 were disqualified in the final army examination. De- 
fective teeth, éyes and ears, and nervous and mental conditions accounted 
for 52.57 per cent of this number. 

With the evidence available, it is not clear as to whether or not there 
has been an improvement in the physical status of comparable groups 
of prospective soldiers since the last war. It is not possible to make 
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TABLE 1 


Texas State Headquarters for Selective Service 
Analysis of Forms 200 to March 31, 1941 


WHITE 


COLORED 


TOTAL 


Total number 
Forms 200.... 


Per cent 


Per cent 


Number 


Per cent 


100.00 


37,132 


100.00 


71.20 
12.20 
16.60 


25,993 
4,725 
6,414 


70.00 
12.72 
17.28 


100.00 


37,132 


100.00 


CLASS 1B BY 
REASONS 


WHITE 


Number 


Per cent 


Per cent 


4F 


Musculo-skeletal 
defects 
Abdominal vis- 


Cardiovascular 
.....: 

Tuberculosis. . . . 

Asthmatics, hay 
fever and al- 


Nervous system. . 

Endocrine dis- 
turbances 

Syphilis......... 


Blood pressure. . . 
Urinalysis dia- 


625} 538 


117 


66) 
410) 285) 


213 


101 
4281, 170) 


374| 353 
19} 35 
145) 103 
94! 149] 
| 


102 


.|3,694|5,027|12 


.20 


iB | 4F 


.80| 1.28 
| 

15} .13 

16, .20 

.96| .84 


.13 
17 
.07 
.88 
. 38 


.07 


.09 


.02 
.20 


16.60|1,031|1, 387|15.05/20. 26 


159} 111 


184 


73) 


123 


4,725|6,414 


1.83) 1.69 


12.72 


644 
| | | | — 
30,283 | (6,849 100.00 | 
— 21,562 | | 4,431 | 64.69 | 
Class 1B........| 3,694 | | 1,031 | 15.05 
Class 4F........| 5,027 1,387 | 20.26 | 
Totals........| 30,233 | 6,849 | 100.00 | 
| Ps | COLORED | TOTAL 
| | Number | | Number Per cent 
1B | 4F | 1B 
Eyes...........| 2.06] 1.78) 55 680| 626 
Ears, nose and | | | | 
throat........| .39) 10 9) | 127) 222) .34) 60 
Mouth and gums. 11) 14 | 77| 74) .21) .20 
Testh.......... 1.35] 65} 57| | 475} 342] 1.28} .85 
Skin............| 19} 16) .06 .05) — | — | —|—]| 19) 16) .05| .04 
Varicose veins...| 38] 50, .13| 6, 9| .09 | 44) 59} 
Hernia.........| 466, 279] 1.54} 59) 53|  .86 | 332) 1.41] .89 
Hemorrhoids....| 51] 22) 17) 5.03) 583 21| 14) .07 
Genitalia.......| 142] 60) 1.21 | 225 154) .41 
Feet...........| .33| 26, .54 | 228) 61} .34 
| | 
1.40} 3.86, 41) .60 469/1,311| 1.26) 3.53 
| 
cera... 63) 84) 28) 6, .09| mm 69 19) .24 
| 206} 399] .68) 1.32, 32) 70, .47 | 469} .64| 1.26 
| 28 235, .09) .78) 1) 14 .01 | 29, .67 
i 
lergics........ si} 68, .22) 9 1) .13| .01] 69} .16| .19 
| 69} 2.07) 1.06 76 .21) 1.89 
| 26 43 4 30, 46, «12 
| 1.24) 1.17] 566, 689) 8.26 10.06] 940)1,042| 2.53] 2.81 
Height..........| 06, .12) 1) 6 .O1| 06) 20) ai} .05) 
.48| 14 8| .43| .38 
15) 35; .22) .51| .29| .50 
| | | | 
| 9 | | 
betes.........| 22) 347) 21) = 33 
— |— | __|____|__ 
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TABLE 2 
A more simplified statistical summary of the data from Oklahoma 


. Orthopedic defects 
a. Paralysis 
b. Other 


. Nervous and mental diseases 

a. Deficiency . Syphilitic sequelae 
b. Epilepsy . Others 

c. Alienation 


. Not otherwise classified 


. Venereal diseases 

a. Gonorrhoea . Chancroid 
b. Syphilis . Testicle 
c. Warts 


. Cardiovascular 
a. Valvular . Tachycardia 


b. Hypertrophy . Functional 
c. Hypertension . Other 


. Eyes 
a. Blind . Trachoma 


b. Defective vision . Other 


. Hernia 
a. Inguinal . Abdominal 


. Teeth 


. Weight 
a. Under 170 b. Over 


. Ears 362 (a. Defective hearing 166; b. Otitis media 101; Other 95) 
Nose 42 
Throat 5 


. Varicose veins 
a. Varicocele 158 c. Hemorrhoids 


b. Legs 81 


. Tuberculosis 
a. Actual 85 b. Suspect 


. Asthma, etc. 


Per 
Number cent 
1 
1,428 1,582 7.28 
2 
8 
12 
1,401 6.3 
980 4.5 
4 
8 
17 
920 4.2 
5 
286 
56 
32 919 4,2 
37 
5 729 3.33 
7 
100 614 2.8 
Sx 539 2.46 
242 412 1.9 
409 1.9 
62 
301 1.7 
12 
42 127 .58 
105.47 
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the classifications correspond precisely in the two groups. Moreover, 
differences of interpretation are readily apparent. For instance the 
high rate of rejections due to syphilis in 1940-1941 as compared with 
rejections for all forms of venereal disease in 1917-1918 gives a distorted 
picture unless it is realized that a routine serological examination is being 
made on all selectees at this time, whereas the diagnosis of venereal 
disease during the World War draft was made almost entirely on clinical 
grounds. It is probable also that the experiences of the World War I 
have taught examining boards to be much more rigid in accepting men for 
military service. Be that as it may, the fact remains that the physically 
unfit numbering approximately 2 in 5, who owe their unfitness in a large 
way to preventable or remediable conditions, constitute a serious handi- 
cap to national defense. It is from such timber that the military and 
industrial forces must be built. 

What has been said thus far concerns the prospective recruits to the 
military and industrial personnel and the surroundings from which they 
come. For maximum efficiency the soldier must be kept hale and the 
worker hearty. The problem here is largely one of disease prevention, 
not only from within the ranks, but also from without. If military per- 
sonnel were wholly isolated from the civilian population, the latter would 
offer no difficulty. But such is not the case. There are many avenues 
of contact with the civilian population, through foods, milk, drinking 
water, insect hosts and personal association. From such contacts ty- 
phoid fever, dysentery, malaria, tuberculosis, dengue, typhus, meningitis, 
diphtheria, the acute exanthematous fevers and venereal diseases may 
be anticipated. What is said of the military personnel in this connection 
applies with even more force to workers in defense industries, since they 
are at all times subjected to the community health hazards. Toa certain 
extent also the relationship is reciprocal. The health of the civilian 
population may be adversely affected by contacts with the military per- 
sonnel. It is with these circumstances in view that an officer of the 
Public Health Service has been assigned to each of the Corps Area Head- 
quarters in a liaison capacity between the Army and the civilian health 
authorities. The Public Health Service is also prepared to lend addi- 
tional technical assistance in local communities where the needs are 
acute, and where the facilities of the State and local health authorities 
are not capable of meeting them. 

On the State level general supervision and specialized technical as- 
sistance are provided. It is, however, the local community which is 
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on the firing line and which must furnish the routine day-by-day vigilance 
in all phases of health protection. Such a job requires specially trained 
health workers who are able to devote their entire attention to the task. 
For these reasons the starting point in the local health program is the 
establishment of a full time local health unit, having as a minimum a 
medical director, public health nurse, sanitarian or sanitary engineer 
and an office clerk. Additional nurses and sanitarians are usually re- 
quired. The 8th Corps Area Headquarters will not endorse a site for a 
military camp without such minimum provisions. 

In addition to the control of acute communicable diseases in the in- 
terest of national defense, the principal items requiring priority attention 
may be recapitulated as follows: 


: Water supply, adequacy and safety. 

: Sewage disposal, adequacy and safety. 

: Other forms of waste disposal, privy sanitation and garbage disposal. 
: Milk supply, adequacy and safety. 

: Mosquito control in malarious regions. 

: Housing. 

: Venereal disease control. 


Of the foregoing items only two require further comment, namely 
housing and venereal disease control. A housing shortage with all its 
attendant evils—over-crowding, which favors the spread of tuberculosis 
and other communicable diseases; faulty hygiene and sanitation of 
various descriptions; high rents which preclude the purchase of adequate 
food and clothing—exists in practically all military and defense industry 
zones. These conditions are being relieved somewhat by private real 
estate developments and federal housing programs, but it is doubtful 
if housing facilities in any locality are fully sufficient. 

The venereal disease problem is perhaps the greatest single difficulty 
encountered. Measures being employed in the effort toward control 
include the following: 


1: Education in sex hygiene among the military forces. 

2: Prophylactic measures maintained by the military authorities. 
3: Venereal disease clinics maintained by local health units. 

4: Repression of prostitution. 


Though generally regarded as of paramount importance in the venereal 
disease control program, the last named item is the weakest link in the 
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chain. It is beyond the scope of activity of the health forces, since it is 
dependent upon the law enforcement agencies. This being the case, 
the problem of repressing prostitution is intimately bound up with local 
politics and petty graft. On the whole the prospect of effective repres- 
sion of prostitution is not highly encouraging, though the health agencies 
must bend every effort toward stimulating adequate law enforcement to 
this end. 

When the national defense program is comprehensively viewed from 
the standpoint of relative values, it is clear that even in the most dis- 
astrous wars the casualties are trivial in comparison with the annual 
morbidity and mortality from wholly preventable causes suffered by 
the population. Along with the expenditure of dizzy billions to combat 
foreign foes, real or potential, it would seem the part of wisdom to devote 
a respectable amount of our defense energies and resources to the con- 
quest of the ever present and very real foes within our own domestic 
circle, if for no other reason than the fact that the first line of military 
defense is the health of the civilian population. 


SUMMARY 


1. National defense is an all-out effort requiring the mobilization of 


materials, money and men. 

2. Man-power includes all who are capable of productive service, as 
well as those who carry arms. 

3. The stem from which all man-power springs is the civilian popula- 
tion. The strength of the branch can be no greater than that of the stem. 

4. Selective Service examinations furnish a good index of the physical 
status of the civilian population. A study of 59,006 such examinations 
by local boards in Texas and Oklahoma records 30 per cent rejections for 
physical defects in Texas, and 41.3 per cent in Oklahoma. It is esti- 
mated that another 10 per cent in each case will be eliminated when 
they reach the induction centres. These figures correspond roughly 
with the findings in the first 100,000 reported on by the War Department. 

5. A large portion of rejections is due to defects which are preventable 
or correctable. (See charts.) 

6. The greatest destroyer of man-power is not the war machines of 
foreign enemies, but the domestic sabotage resulting from unnecessary 
health hazards among the civilian population. 

7. Effective measures for the prevention of disease and promotion 
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of health in the civilian population constitute the first line of the national 
defense structure. 


SUMARIO 


1. La defensa nacional constituye un esfuerzo radical que exige la 
movilizacién de recursos, fondos y hombres. 

2. El elemento humano comprende a todos los individuos capaces de 
prestar servicios productivos, asi como a los que manejan armas. 

3. La fuente de la cual brota todo el elemento humano es la poblacién 
civil, y la fuerza de la corriente no puede ser mayor que la del manantial. 

4. Los examenes de los individuos comprendidos en el servicio selectivo 
ofrecen un buen indice del estado fisico de la poblacién civil. El estudio 
de 59,006 examenes realizados por las juntas locales de Texas y Oklahoma 
revela 30 por ciento de rechazos debidos a defectos fisicos en Texas y 
41.3 por ciento en Oklahoma. Calcilase que se eliminara otro 10 por 
ciento en ambos casos al llegar los reclutas a los centros de induccién 
en el servicio. Estas estadisticas corresponden toscamente a las corres- 
pondientes a los primeros 100,000 reclutas que ha comunicado el De- 
partamento de la Guerra. 

5. Una proporcién elevada de los rechazos se debe a defectos pre- 
venibles o corregibles. (Véanse las graficas.) 

6. El peor destructor del elemento humano no son los aparatos de 
guerra de los enemigos extranjeros, sino el sabotaje doméstico procedente 
de los innecesarios riesgos que corre la salud de la poblaci6n civil. 

7. Las medidas efectivas para la prevencién de la enfermedad y el 
fomento de la salud en la poblacién civil, constituyen la primera linea de 
defensa nacional. 


PULMONARY TUBERCULOSIS! 


Its Exclusion from the Navy 


ROBERT E. DUNCAN? 


The exclusion of the tuberculous from the Navy has always been a 
problem of major importance. This problem assumes even greater pro- 
portion during a period of rapid expansion such as the Navy is under- 
going at present. We well remember our costly experience with tuber- 
culosis during and after World War I. We are determined that the 
present expansion of our defense forces will not result in a repetition of 
that experience. 

Modern Naval Warfare calls for men of war capable of high speed and 
having a long cruising radius. This means larger engine plants and fire- 
rooms and considerable storage space for fuel oil. Operations are fre- 
quently carried out at great distances from home bases, requiring large 
commissary and supply spaces. All larger vessels in our modern Navy 
carry planes which require hangar space and gasoline tanks. Powerful 
surface guns have been supplemented by anti-aircraft guns and numerous 
machine gun nests. Increased personnel to man these additional guns, 
as well as increased ammunition storage space, is necessary. I mention 
these points to give you an idea of the necessity for compactness of living 
spaces aboard a naval vessel. Recent years have seen great advances in 
ship construction from the standpoint of ventilation, air conditioning of 
confined spaces and sanitation in general. But, even so, the conditions 
under which men live aboard ship are still somewhat crowded. Under 
such conditions, an open case of pulmonary tuberculosis constitutes a 
real menace to his shipmates. Medical officers aboard ship are con- 
stantly on the alert for such cases. However, the average sailor likes to 
think of himself as a rugged hardy individual and will not, as a rule, 
report to the sick bay unless he feels that he is really sick. With the 
usual insidious onset and development of pulmonary tuberculosis a case 


1 Presented before the Joint Session of the Medical and Administrative Sections at the 
37th annual meeting of the National Tuberculosis Association, San Antonio, Texas, May 8, 
1941. 

2 Commander (MC) U. S. Navy, Naval Medical Center, Washington, D. C. 
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may reach the moderately advanced or even far advanced stage before it 
is detected, acting as a source of infection to all with whom he comes 
in contact. 

The Navy has quite a number of stations in tropical and subtropical 
climates. This number, as you know, has been recently increased by the 
acquisition of certain bases leased to this government by Britain. It has 
been our experience that the tuberculous do very poorly in the tropics. 
Even apparently well healed lesions seem to melt down under tropical 
conditions. And sometimes transportation back to the States for these 
cases is delayed and difficult. 

Because of these conditions peculiar to the Navy, the Bureau of Medi- 
cine and Surgery has always maintained a firm policy in regard to tuber- 
culosis. No applicant showing any degree of adult-type tuberculosis 
is acceptable. This includes minimal arrested tuberculosis appearing on 
X-ray films as apical scars or localized fibrous strands. Likewise, per- 
sons developing tuberculosis while in the service are retired and are not 
subject to recall to active duty, even with long standing arrest and mini- 
mal lesions. 

It has been estimated that about 1 per cent of the male population of 
military age have active pulmonary tuberculosis. Fully 70 per cent of 
the minimal lesions in this group will not be discovered by the conven- 
tional methods of physical examination, as used by physicians who have 
had no special training in the diagnosis of diseases of the chest. And at 
least 30 to 40 per cent of these minimal cases will be missed by well 
trained phthisiologists conducting the examination under the very best 
of conditions. In other words, a large percentage of these lesions just 
do not give physical signs. There is only one answer to this problem, and 
that is the routine X-ray examination of all recruits. 

The question of physical signs versus the X-ray has been very defi- 
nitely decided in favor of the X-ray. Well controlled studies along these 
lines, conducted over the past ten years, have demonstrated this beyond 
the shadow of adoubt. Undoubtedly the criterion to be used in weeding 
out the tuberculous from among our recruits must be radiography. 

The medical department of the Navy has recognized and accepted this 
conclusion. The question as to what form of radiography is to be used 
naturally follows. Several methods of X-ray examination are available. 
They are: 

The standard 14 x 17 inch celluloid film. 


The 14 x 17 inch paper film, both roll and cut sheets. 
The 4 x 5 inch miniature fluorograph and the 35 mm. miniature fluorograph. 
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The medical department of the Navy has given serious consideration 
to all of these methods. The standard 14 x 17 inch celluloid film would, 
of course, be ideal. But the high cost of film and processing and the 
high requirement for storage and preservation make it entirely imprac- 
tical. With recent improvements, the 14 x 17 inch paper film, both roll 
and cut sheets, is almost as trustworthy from the diagnostic standpoint 
as is the celluloid film. But here again we have the difficulty of storage 
and processing and a still relatively high cost. This brings us down to 
fluorography or photography of the fluorescent screen. Here we have 
two methods to consider, the 4 x 5 inch and the 35 mm. films. The 
4x5 inch film has some advantages over the 35 mm. but it also has several 
real disadvantages. The 4x 5 inch film is large enough for unprojected 
viewing and gives a fairly good idea of the extent of the disease without 
magnification. The unit cost of film is low but is still about six times 
that of the 35 mm. film. The processing is slower and more expensive 
and the filing problem more complex. But the chief disadvantage is that 
it requires a very large, expensive lens made of imported optical glass 
and there are few of these lenses available in this country. After care- 
fully weighing the advantages and disadvantages of all of these methods 
the medical department of the Navy has decided that fluorography with 
the 35 mm. film is the best solution to its problem. 

The principle of photography of the fluoroscopic image is not new. 
Less than six months after Roentgen announced the discovery of the 
X-ray in 1895, Bleyer in England developed a method of photographing 
the fluorescent image. In 1911, Caldwell in this country described a 
satisfactory method of fluorography. He demonstrated clearly that the 
camera recorded much more than the eye could see on the fluorescent 
screen. He pointed out the advantages of the method, such as low cost 
and simplification of the problems of filing and storage and predicted 
that fluorography would attain practical value with improvement in 
fluoroscopic screens and the development of fast film and lenses. There 
have been numerous workers in this field, but to deAbreu of Brazil 
belongs the credit for putting this method on a firm practical basis for 
mass thoracic. survey work. Since 1936 he has conducted mass tuber- 
culosis surveys with this method and at present has twenty-five installa- 
tions operating in Brazil and many others in Argentina, Chile, Uruguay 
and several European countries. It was the stimulation of deAbreu’s 
work that interested Lindberg and Hirsh in this country in fluorography. 

Early in 1939, experiments with fluorography, using the 35 mm. film, 
were instituted at the Naval Medical School’s Research Department at 
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Washington, D. C. As no apparatus was available commercially, a 
home-made unit was constructed. The general procedures as outlined 
by deAbreu and Lindberg were followed. At first the films obtained 
were not so very encouraging, but with the development of improved 
fluoroscopic screens, fast film and improved developer by commercial 
firms and improvement in our technique, results were achieved last fall 
which we considered most satisfactory. These results convinced us that 
this method meets the requirements of our main objective—that is, 
the weeding out of the tuberculous from among our recruits in a rapid, 
economical and efficient manner. The ease of operation and processing, 
the small storage requirements and the very minimal cost cannot be 
approached by any other method. The original installation is the main 
item of expense. The processing is very simple and inexpensive and the 
films cost less than one cent each. 

During a period of mobilization, speed may be an important factor. 
We have demonstrated that a smooth working team can easily turn out 
from 100 to 150 films per hour. As a matter of fact, Holfelder in Ger- 
many, working with an expert team of technicians, reached a peak turn- 
over of 400 per hour and his average was from 200 to 300 per hour. 
However, it has been estimated that the peak at our largest Naval Train- 
ing Station should never exceed 500 a day and probably would average 
less than 200 a day. At present we are not exceeding the rate of 80 
examinations per hour in the interest of careful posturing and some 
regard for the life of the X-ray tube. 

It should be clearly understood that we are not using these miniature 
films for fine diagnostic work. They will merely act as a sieve to screen 
out the abnormal from the normal chest. This method fulfills its pur- 
pose by pointing out the existence of a pathological deviation. In any 
case showing a lesion or even a questionable area, a standard 14 x 17 inch 
celluloid film is made for confirmation and accurate diagnosis. The 
experiences of deAbreu in Brazil, Collander and Dormer in England, 
Holfelder in Germany and Lindberg and Hirsh in this country indicate 
that less than 1 per cent of significant tuberculosis will be missed by 
using 35 mm. fluorography. We are convinced that this method has 
definitely passed the experimental stage and that it is the ideal method 
for mass thoracic survey work. 

We have constructed seven of these units for use at our training sta- 
tions. Three are in operation at present and the other four will soon be 
functioning. Upon arrival at the training station, all recruits are placed 


PULMONARY TUBERCULOSIS 655 


in quarantine. During this quarantine period a thorough physical exami- 
nation is repeated and a Kahn test and chest fluorogram obtained. Re- 
cruits showing pulmonary lesions by the fluorogram and confirmatory 
standard 14 x 17 inch X-ray film are immediately transferred to a Naval 
Hospital for further clinical study and disposition. 

The following radiological findings are considered disqualifying. 


1: Any evidence of — (adult) type tuberculosis, active or inactive, 
exclusive of slight thickening of the apical pleura. 

2: Evidence of active primary (childhood) type tuberculosis. 

3: Inactive primary pulmonary tuberculosis if the degree or extent of involve- 
ment appears to be of present or future clinical significance. 

4; Evidence of fibrinous or serofibrinous pleuritis. 


Since the first of January, 1941, this method of chest survey has been 
in operation at the Norfolk, Virginia Training Station. During the 
period from January 1 to March 11, 1941, photofluoroscopic examinations 
of 5,171 recruits were made. These men had already passed two strin- 
gent physical examinations. Yet, of these recruits, 15 men showing 
soft infiltration in the lungs and 3 with multiple calcification and fibrosis 
of a disqualifying extent were transferred to the hospital for further 
study and disposition. 

Of course, we have no way of knowing how many cases were missed. 
Considerable time must elapse before that information is forthcoming. 
At first the roentgenologist was very liberal with confirmatory standard 
14 x 17 inch X-ray films, but after a little experience, he found that by 
paying meticulous attention to the details of technique and by careful 
posturing of the men, only one or two confirmatory X-ray films out of 
each 100 miniatures taken were necessary. The trained roentgenologist 
experiences little difficulty in adjusting to the smaller image and picks 
out deviations from the normal with no greater difficulty than in the larger 
film. We are using a Leitz viewer which magnifies about four times. 
Others prefer a projector which, by magnifying 6.8 times, gives an image 
about one-half the size of the original screen image. 

It has been suggested that a tuberculosis survey of personnel already 
in the service’ should be instituted. Unfortunately, this is entirely im- 
practical, since the various units of the Fleet are scattered over areas 
far removed from our Training Stations. However, the method can be 
used for procedures other than the survey of recruits. For example, at 
the Washington Naval Hospital, recently, 2 cases of pulmonary tuber- 
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culosis, one far advanced and one moderately advanced in extent, were 
received from the Navy Yard within a period of thirty days. It was 
learned that both men were quartered in the same barracks, which housed 
some 60 men. The Navy Yard was contacted and the remaining men 
quartered in that particular barracks were given photofluoroscopic exami- 
nations. By this means, another case of moderately advanced open 
pulmonary tuberculosis was discovered in this group. The detection of 
that one case certainly justified the procedure. “Likewise, when a case 
of tuberculosis is received from one of our vessels in port, a chest survey 
of the entire crew of that ship can be conducted with very little difficulty. 

Although 35 mm. fluorography has not had an extended trial in the 
Navy as yet, the results so far indicate that from a practical working 
standpoint it is a manifestly satisfactory method .of mass tuberculosis 
survey work. In this connection, I want to reémphasize strongly one 
point and that is that these miniature films are to be used for screening 
only and not for fine diagnostic work. 

In an article on the subject of 35 mm. fluorography appearing in the 
January, 1940 issue of the Journal of Roentgenology and Radium 
Therapy, Hirsh concludes, “Its greatest field of usefulness is in the study 
of the lungs, particularly for the determination of tuberculous changes. 
It is not intended as a method of fine differentiation as to the type of 
lesion, but the early apical lesion, the cavity and the fibrotic and calcific 
changes are demonstrable. The image of the pulmonic fields has neither 
the contrast nor the detail of the large film but, nevertheless, the record 
is sufficiently clear, to permit the differentiation of the normal from the 
abnormal lung.” ‘This statement, I believe, clearly expresses the opinion 
of most workers in this field. Our experience with 35 mm. fluorography 
certainly supports these conclusions. 

The importance of this mass chest survey from the standpoint of Pub- 
lic Health is obvious. Undoubtedly these examinations will uncover a 
considerable amount of undiscovered tuberculosis. The 14 x 17 inch 
films and records of these cases can be turned over to the local health 
authorities for their use. The removal of these cases from the com- 
munity would be a distinct aid in the control and prevention of this 
disease. 

The Navy has not maintained an institution devoted entirely to the 
treatment of tuberculosis since the World War, when our sanatorium at 
Fort Lyon, Colorado was transferred to the Veterans Administration. 
Since that time, persons developing pulmonary tuberculosis while in the 
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service are transferred to one of our larger hospitals. When the diagnosis 
is confirmed, the patient is invalided out of the Naval Service and, when 
his condition permits, he is transferred to the Veterans Bureau for further 
treatment at one of their sanatoria. While awaiting transfer, these 
patients are given the benefit of all modern methods of treatment under 
the care of medical officers who have had special training in the diagnosis 
and treatment of tuberculosis. 

In the case of officers, midshipmen, nurses and certain enlisted men 
with long service, we have an arrangement with the Army whereby these 
cases are transferred to the Army’s Sanitarium, the Fitzsimmons General 
Hospital at Denver, Colorado, for treatment. 

As previously stated, individuals retired because of pulmonary tuber- 
culosis are never recalled to active duty, even though their lesions were 
minimal in extent and they have reached a condition of firm arrest. 

The incidence of tuberculosis in the Navy during normal times is not 
high and has been steadily declining. 

For the calendar year 1938, with an average strength of 139,216, the 
admission rate was 0.87 per 1,000 with a noneffective ratio per 1,000 
of 0.65. For the calendar year 1939, with an average strength of 149,618, 
the admission rate was 1.00 per 1,000 with a noneffective ratio of 0.65 
per 1,000. 


We firmly believe that the methods we are instituting for the exclusion 
of the tuberculous from among our recruits will result in a continued 
decline in the incidence of tuberculosis in the Navy. 


TUBERCULOSIS IN THE ARMY? 
The Tuberculosis Problem of World War No. 1 and in the Present Mobilization 


WILLIAM C. POLLOCK® 


When the United States declared war with Germany in 1917 it was de- 
cided by the Surgeon General that the United States Army should be 
reéxamined for tuberculosis by the best available experts. 

In the manner as to how this was to be accomplished the Surgeon 
General was advised by the Medical Committee of the Advisory Board of 
the Council of National Defense, who received instruction and advice 
from prominent members of the National Association for the Study and 
Prevention of Tuberculosis. In the selection of qualified specialists for 
carrying on the survey the Surgeon General sought the advice of promi- 
nent experts in Internal Medicine in each of the large Medical Centres. 
Instructions were drawn up, approved by eminent clinicians and pub- 
lished as Circular Letter No. 20, Surgeon General’s Office, June 13, 1917. 
In other words, the survey of the United States Army in 1917-1918 was 
planned and directed by those considered to be the most eminent authori- 
ties upon the subject. 

The tuberculosis problem following demobilization of our armed forces 
was far greater than all estimates. The prolongation of the problem to 
years beyond the estimated peak has increased the severity of the prob- 
lem. These factors have resulted in expressions of criticism of a rather 
harsh nature regarding the manner in which the problem was handled 
during the mobilization of 1917-1918. This criticism has been, in most 
instances, directed against the Medical Corps of the Army. We are not 
here to make a defense for the Army, neither will we attempt to defend 
the survey plan of 1917. The survey of World War 1 was planned and 
executed by those considered to be our most eminent medical experts. 
It is our opinion that those who attribute failure to this group have based 

1 Presented before the Joint Session of the Medical and Administrative Sections at the 


37th annual meeting of the National Tuberculosis Association, San Antonio, Texas, May 8, 
1941. 

2 Published by permission of The Surgeon General, U. S. Army. 

3 Lieutenant Colonel, Medical Corps, U. S. Army, Tuberculosis Service, Fitzsimons 
General Hospital, Denver, Colorado. 
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their opinion upon the cost of tuberculosis among veterans rather than 
upon an analysis of the entire situation. 

The survey was carried out by 600 physicians who examined 3,288,669 
men and rejected 22,596 because of pulmonary tuberculosis. Upon de- 
mobilization an additional 1,356 cases were detected. Upon mobilization 
the rate was 6,871 cases per million, upon demobilization the rate was 
542 per million men. Of over two million men with the Expeditionary 
Forces in France up to December 3, 1919, 8,717 men were returned to the 
United States because of pulmonary tuberculosis, an incidence of 0.4 
per cent. When one considers the conditions of military service with an 
Expeditionary Force on foreign soil, and the usual incidence of tubercu- 
losis in a corresponding age group, the result was not entirely unsatis- 
factory. 

Many believe that results would have been far more satisfactory had 
the survey included an X-ray film of the chest. As a matter of fact, 
many believe that should this have been done we would have had no 
tuberculosis problem. ‘This question of survey by X-ray was considered 
and not adopted because of: 


1: The lack of equipment. 

2: The lack of trained radiologists and technicians. 
3: The lack of X-ray plates. 

4: The expense. 


Many workers in 1917 were not in favor of using the X-ray in diagnosis 
because of its limitations. 

In a letter of instruction published for guidance of Tuberculosis Boards 
of Officers it was pointed out that “Morbid changes in the lungs are shown 
by shadows due to two substances: First, blood, second, fully organized 
connective tissue. Tubercle caseations, as such, cast no shadows dis- 
tinguishable from other tissues of the parenchyma. We do not see 
tubercles in the X-ray negative. What we see are either sharply outlined 
calcifications and fibroses, or fuzzy congestions, or a combination of the 
two conditions. Frequently the tuberculous process runs so chronic a 
course that the inflammatory reaction is insufficient to congest the lung 
enough to produce a shadow.” 

It is believed that with the 1917 conception of X-ray limitations and 
considering the materiel of the time, an X-ray survey for tuberculosis 
could not have been highly efficient. Certainly, agreement between 
various workers could never have been settled to any degree of satis- 
faction. 
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It might be possible that the survey of World War I was fairly com- 
petent; certainly, it was thought that over 22,000 men had been elimi- 
nated from the pension rolls because of discharge for tuberculosis not in- 
cident to the military service. Many evaluate the survey as a failure 
because tuberculosis among veterans of the World War has cost the 
people in the neighborhood of one billion dollars. This, however, may be 
explained on a basis of legislative action rather than on an inadequate 
survey. In 1917, Circular Letter No. 24 provided that, if in pulmonary 
tuberculosis the disability is detected in less than three months after the 
entrance of a man into service, it will be regarded not in line of duty, un- 
less of an acute type or unless the man has been subjected to extraordinary 
exposure or had had an aggravating intermittent disease. This conflicted 
with the wishes of many and encountered so much opposition that it was 
revoked. The new regulation was to the effect that any soldier who shall 
have been accepted on his first physical examination after arrival at a 
Military Station as fit for service shall be considered to have contracted 
any subsequently determined physical disability in the line of duty. 
Though so much was conceded to the soldier by these orders, it was not 
enough, for several acts of Congress, which is that body of legislators who 
are the representatives of the people and enact laws in agreement with the 
wishes of the people, defined with increasing liberality the position of the 
Government toward the tuberculous individual, until at last it became 
law, with the consent of the governed, that every commissioned officer or 
enlisted man who suffers a disability from disease contracted in line of 
duty shall be entitled to compensation; that for the purpose of compensa- 
tion all such persons shall be held to have been in sound condition when 
examined, accepted and enrolled for service; and that these provisions 
shall be deemed to become effective as of April 6, 1917. 

This discussion has been given because the various Congressional enact- 
ments really nullified the excellent work of the various Tuberculosis 
Boards, because in the majority of instances their examinations were 
made as a reéxamination upon men who had already been accepted and 
enrolled. The discussion illustrates to what degree legislative action is 
capable of nullifying any well planned program that may be devised for 
the eradication of tuberculosis from the mobilized forces of the United 
States. 

The mobilization survey of 1941-1945 will be the greatest case-finding 
effort ever carried out in this country. Its purpose will be to: 


1: Detect chest diseases which would render the individual incapacitated for 
active military service. 
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2: Detect diseases which may be so aggravated by military service that the 
individual becomes incapacitated for military service. 

3: Detect, especially, pulmonary tuberculosis with subsequent isolation from 
contact with young noninfected individuals. 

4: Report all tuberculous individuals to proper State health authorities. 


The manner of carrying out the mobilization survey will be: 


: Physical examination. 
: X-ray examination of the chest. 
3: Disposition of tuberculosis cases. 
4: Reports of tuberculous inductees to health authorities. 


Upon demobilization, essentially the same program will be carried out. 
The physical examination will consist of the routine general physical 
examination. The X-ray examination of the chest has, so far, been 
largely by use of the 14 x 17 inch film and has been made shortly after 
induction. At present and in the future the X-ray survey will be made 
chiefly by use of fluorograms, using the 4x 5 inch films. Two films are 
made, one of which is sent to the War Department for permanent record. 
The fact that an X-ray examination has been made is made a matter of 
official record by entry upon the soldier’s service record. Upon demobili- 
zation, two additional fluorographic films will be made with like disposi- 
tion of films. 


DISPOSITION OF TUBERCULOUS INDIVIDUALS 


The disposition of those found to be tuberculous will depend upon such 
factors as line of duty, status of the individual and the extent of the 
disease process. The tentative plan is as follows: 


1; Enlisted men developing tuberculosis in line of duty (service of six months 
or more unless tuberculosis is acute), unless terminal patients, will be dis- 
charged from the Army by Certificate of Disability Discharge and transferred 
to Veterans Administration Facilities. 

2: Enlisted men showing evidence of pulmonary tuberculosis in excess of that 
acceptable for military service under the provisions of mobilization regulations 
when surveyed will be discharged to their own care when not in need of hos- 
pitalization. 

3: Men nearing retirement for thirty years’ service, or non-commissioned 
officers of the three higher grades, when the prognosis is favorable for return to 
military service within one year, may be retained in service at Army Hospitals. 
4: Men found to be in need of hospitalization, regardless of the line of duty 
status, may be hospitalized in Army Hospitals designated for that purpose. 


662 WILLIAM C. POLLOCK 


The program of tuberculosis detection among inductees has many 
faults. One of the faults of the present survey is the chief one that re- 
sulted in a great deal of cost to the Government following the World War 
I and that is the fact that the X-ray film of the chest is usually not made 
until after induction. It is in the nature of a reéxamination, the original 
general examination having resulted in acceptance and induction into 
service. This makes little difference under present regulations as six 
months’ service is required before tuberculosis becomes recognized as 
acquired in line of duty. Some such regulations existed in 1917-1918 and 
were revoked and new regulations enacted which became retroactive. 

Another fault is that inductees may be discharged to their own care 
unless in need of hospitalization. It is our opinion that few Medical 
Officers will assume the responsibility of deciding the tuberculous indi- 
vidual’s need for hospitalization in the negative. There will be a definite 
tendency to err on the side of safety and many tuberculous inductees will 
be sent to Army Hospitals who should have been discharged to their 
homes. It seems to us that the regulation allowing hospitalization of the 
tuberculous inductee, should he need it, tends to defeat the purpose of the 
X-ray survey, when considered from the viewpoint of finances alone. We 
have the expense of the survey and the expense of taking care of the 
patients discovered by the survey. When viewed from the standpoint of 
epidemiology and control, it may be a forward step in decreasing tu- 
berculosis. Such surveys have been considered worth while in our larger 
cities and why not carry out such a program on a cross section of our 
population in the military age group? Individuals may be treated at 
Government expense who may well afford to finance their treatment at 
home but, on the other hand, many individuals will receive adequate 
treatment which could not have been obtained except by local or federal 
governmental aid. 

We should remember that while the X-ray film of the chest in most 
instances protects the Government, it may, in instances, be used against 
the Government. For example, an inductee who has a negative chest 
film upon induction and develops manifest tuberculosis three months 
later may well claim that he developed tuberculosis as a result of military 
service and substantiate his claim by exhibiting his X-ray film taken upon 
admission. 

One of the chief objections to the mobilization regulations in regard to 
tuberculosis is that they allow the induction of an individual with rein- 
fection tuberculosis when the process is minimal as to extent and arrested. 
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This can be done when, in the opinion of the examiner, the lesion is not 
likely to become reactivated under the conditions of military service. 
This is a dangerous exception made in regard to tuberculosis. In the 
first place, many of our experts are unable to estimate properly the true 
potentialities of a fibrous, tuberculous process and, second, we certainly 
are unable to estimate the conditions of military service. It might have 
been wiser to have written the regulation giving as a cause for rejection 
“X-ray evidence of reinfection (adult) type of pulmonary tuberculosis.” 
The inductees in the age group are young and, if they present fibrosis as an 
evidence of preéxisting disease, the fibrosis is not of very many years’ 
standing (due to their age) and is, therefore, more susceptible to reactiva- 
tion under the conditions of military service. Military service conditions 
may well reactivate the supposedly healed reinfection type of tuberculosis 
of the young adult with danger to his physical well-being with the prob- 
ability of obtaining a pension from the Government, though he had a 
tuberculous process upon induction. 

As stated, the contemplated survey will be our greatest case-finding 
effort. Thousands of new cases will be detected and we will be called 
upon to initiate an adequate program of therapy to cope with the situa- 
tion. Plans should, of necessity, be made in advance if we are to meet 
the needs of the situation. Plans will not satisfactorily meet the needs 
unless a proper estimate of the problem is made. Some attempts have 
been made to estimate the probable number of cases. This, however, is 
unimportant except as it influences us in the making of plans for hospital- 
ization and collapse therapy. Our chief problem is that of providing 
modern methods of treatment for the newly detected cases. This should 
be planned by a type of plan sufficiently elastic in character to allow for 
error in estimation of the incidence of tuberculosis among inductees. 
There should be some attempt to predict the number of individuals we will 
be required to handle in order that any plan devised will be basically 
sound. This will be difficult to do, as we have little of a comparable 
nature from which to draw basic conclusions. We have the results of 
large urban surveys which frequently have to do with the portion of the 
city where the incidence of tuberculosis is known to be greatest, and these 
surveys include all ages; we have student and student nurse groups, grade 
schools, rural counties, etc., but, after all, this gives us little knowledge 
when it comes to estimating the incidence among the inductees. Be- 
tween 1941 and 1945 we will have in service, even under the present plans, 
over six million men, men ranging from twenty-one to thirty-six years of 
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age from every city, hamlet and wide open space in the country, men 
from every possible walk of life, the rich and the poor, the forgotten and 
unforgotten. 

Before we use the figures from some of our X-ray surveys of large cities 
and draw any conclusions, there are many factors to be considered. As 
stated, we are dealing with a particular age group, a group that yields our 
greatest incidence, yet a group which has been examined physically by 
tuberculosis-minded doctors, a group which has grown up during a period 
of tuberculosis decline throughout the country, a group which has grown 
up during a time when knowledge of the disease has been disseminated. 
Surveys in schools have been made along with state, city and county 
case-finding efforts resulting in the weeding out of many of the tubercu- 
lous individuals. 

Estimates in recent literature run from approximately 120,000 to 
140,000 cases; 120,000 seems to be the popular figure at present. If the 
World War survey is used as a basis, we should detect during the induc- 
tion approximately 41,226 cases. That survey, however, was made on 
the basis of physical findings alone and is considered by most of us a 
feeble case-finding effort. Some one has stated that during the present 
survey we should find eight times as many cases, or 329,808. In 1923 
there were upon the pension rolls 41,551 veterans because of tuberculosis 
from an Army of four million, or approximately 65,000 for an Army of six 
million. This can be carried on a few years longer to about 1928 when 
there were 60,000 veterans on compensation because of the disease. 
From 1924 there probably occurred among veterans the greatest case- 
finding effort we have on record. Few cases of tuberculosis remained 
under cover. Liberalization of Veterans Congressional legislation al- 
lowed them to apply for compensation if tuberculous and the resulting 
survey was of an exhaustive character. Should the result of this survey 
be used, we should have approximately 80,000 cases from our present 
survey. In an X-ray survey of 2,347 soldiers, the incidence was found to 
be .94 per cent, or 60,000 for six million men. 

No one has asked that we attempt to make any estimate, but upon the 
basis of the survey among veterans and soldiers, we are willing to hazard 
a guess. It is estimated that the following agencies will detect the fol- 
lowing cases of tuberculosis: 


1. Induction boards 
2. X-ray survey 
3. Developing after survey 


Grand total 


Cases 
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The 20,000 cases denied military service because of tuberculosis will not 
all be new cases in that some of them are already known cases of the 
disease. The 6,000 cases estimated as developing subsequent to the 
X-ray survey are pointed out as a reminder that X-ray films of the chest 
upon induction into service will not eradicate tuberculosis from a new 
Army of 6,000,000 men, ranging in age from twenty-one to thirty-six 
years of age. X-ray survey of the chest of men of this age group elimi- 
nates pulmonary tuberculosis only on the day the survey is made and not 
for the year of active military service. At any time subsequent to the 
survey, advanced tuberculosis may make its appearance. 

All soldiers ordered to foreign service are required to have an X-ray 
film of the chest prior to their departure. The tour of duty is for two 
years, yet we have tuberculosis among these troops. The annual rate 
among these soldiers is on the average of about 1.5 per 1,000 troops. 

It is my opinion that the medical profession performed their task, as to 
the tuberculosis survey in 1917, remarkably well when one considers their 
material. It is believed that during 1941-1945 we will perform our task 
in a creditable manner. It seems that a survey of this character should 
have two objects, both of which greatly concern all of us. One is to 
detect and properly treat the tuberculous individual and the other is to 
keep the individual whose disease is not incident to military service 
from getting on the pension rolls. The Army will, as we did in 1917- 
1918, discharge these men as having tuberculosis not incident to military 
service. Following World War I, the populace had a very grateful atti- 
tude toward the veterans and, during this wave of gratitude, demanded 
the enactment of laws favorable to veterans but somewhat of a millstone 
as far as Mr. Budget isconcerned. Enactments favoring minority groups 
who have popular support cannot be revoked, as a rule, and usually ad- 
ditional liberalizing acts are sought. Tuberculosis is a great national 
burden when considered in dollars and cents. Should one figure medical 
bills, loss of time and wages, the 88,000 tuberculous individuals found by 
the mobilization survey will cost approximately $42,000,000 aside from 
pension payments. The burden is ours whether we have a mobilization 
survey or not; as the vast majority would sooner or later become manifest 
cases. The survey merely delivers the patients more rapidly. 

Chart 1 illustrates the tuberculosis deaths by age group given in per- 
centages of all deaths. This chart is used as a basis for the conclusion 
that an X-ray survey will not eradicate tuberculosis from the mobilized 
forces. In an age group in which tuberculosis is the cause of deaths in 
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16 to 17 per cent of all deaths, new cases develop subsequent to chest 
X-ray films. 

Chart 2 shows the incidence of tuberculosis per 1,000 troops in the 
Philippines, United States and Hawgii. There has been, in general, a 
gradual decline in tuberculosis rates among these soldiers. The tuber- 
culosis rate since X-ray survey has been required, 1935-1939, shows no 
significant change. 
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Chart 3 shows the number of veterans on compensation for tubercu- 
losis from 1923 to 1940. The increases and declines in the curve coincide 
with legislative acts regarding veterans. There is a great increase in 
1924 because an Act of Congress was passed which allowed tuberculous 
veterans whose disease was assumed to be service-connected to draw 
compensation. Following 1930 we see another increase due to extending 
the period for filing claims, thus allowing an additional 8,000 veterans to 
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get on the pension rolls as late as 1930. Another Act was passed in 1931 
providing compensation for all veterans who suffer 25 per cent or more 


In 1933 it seemed as if the curve was on a down- 


stances this Act was liberalized the same year. 
than 40,000 veterans on compensation for tuberculosis and to-day there 
are 54,855 on the rolls. 


Economy Act, which did away with 
many presumptive service-connected cases, but due to political circum- 
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In chart 4 the first solid curve shows the veterans with service-con- 


nected tuberculosis remaining in hospitals at the end of each fiscal year 
from 1919 to 1940. The curve is frequently used to illustrate that the 
peak of hospitalization for tuberculous veterans was reached during 1922- 
1924. In 1922 there were almost 11,000 remaining in hospitals and in 
1940 there were less than 1,000. To this curve, however, should be added 
the presumptive service-connected veterans who were allowed compensa- 
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tion by the Act of 1924, which is shown in the second curve, starting at 
over 9,000 additional veterans. One, however, obtains a better estimate 
of the situation if he considers the total number of veterans hospitalized 
rather than just those remaining in hospitals at the end of the fiscal year. 
This is shown by the top curve and covers the years 1930 to 1940 and 
shows 14,500 hospitalized in 1931 and 11,400 in 1940 for tuberculosis. 

Chart 5 shows in the lower curve the veterans hospitalized for tuber- 
culosis from 1930 to 1940. There were 11,400 veterans hospitalized for 
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tuberculosis in 1940 and, while this represents a tremendous cost, the true 
cost is really represented by the number of tuberculous veterans on com- 
pensation for tuberculosis which in 1940 amounted to 54,855 veterans. 

Chart 6 shows the monthly compensation cost for tuberculosis from 
1923 to 1940. The cost has not exceeded $4,000,000 per month and since 
1934 has ranged around $3,000,000 per month. 

Chart 7 shows the total number of veterans hospitalized from 1930 to 
1940, regardless of cause. There has been a sharp increase in veterans’ 
hospitalization since 1935, increasing from 105,000 to 180,000 in 1940. 
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In 1930, 40 per cent of hospitalization resulted from tuberculosis, while in 
1940, 6.3 per cent was due to tuberculosis. In recent years there has been 
a sharp increase in neuropsychiatric cases. 

Chart 8 shows the cost of various wars in pensions. It may be noted 
that this chart does not include the compensation or pensions paid to 
veterans of World War I. There was not sufficient space on the chart 
to plot a curve of such magnitude and, besides, the War is only twenty- 
four years in the past and it will be many, many years before the total 
cost in veterans’ compensation can be estimated. When the World War 
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veterans are deceased, payments to dependents will continue. There 
are on the pension rolls 4,055 dependents of veterans of Indian Wars. 
There are 52,522 individuals on the rolls as a result of the Civil War, 
which in 1940 cost $27,790,252. A daughter of a veteran of the War of 
1812, which happened just one hundred twenty-nine years ago, drew a 
pension in 1940. As to World War I, there are 410,244 living veterans 
and 117,003 dependents of deceased veterans on the pay roll, with a total 
cost in compensation alone in 1940 of $254,486,260. There are a total of 
849,298 veterans of all wars on the pension rolls of the Government. 
In regard to tuberculosis, certain charts have shown a considerable 
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decrease in hospitalization of the tuberculous veterans. The cost of 
tuberculosis among veterans has not decreased. Relatively few tubercu- 
lous veterans seek hospitalization, except in emergencies. Many have 
complete arrest of their disease but, of course, continue to draw compensa- 
tion. Many veterans who have had tuberculosis, been hospitalized and 
awarded compensation, resist all attempts at rehabilitation. Many of 
those who draw Government War Risk Insurance in addition-to com- 
pensation would desperately fight rehabilitation. The cost of tubercu- 
losis in compensation in 1923 was $32,658,360, while in 1940 it was 
$35,018,820. 

The cost of tuberculosis and compensation of veterans has been dis- 
cussed in the hope that the staggering expenditures might be impressive. 
It was done in the hope that it will be seriously considered when we state 
that the present mobilization period will result in a tremendous cost in 
compensation over a period of a great many years. 

We take this opportunity to challenge the profession, and for that 
matter, the tuberculosis expert. The challenge is as to his ability to 
determine which fibrous reinfection type of tuberculous lesions in the 
young inductee will likely become reactivated under the conditions of 
military service and which will not. In our experience we have been 


unable to determine accurately the safe fibrous, arrested, reinfection type 
of lesion in the young adult when he is subjected to the conditions of 
military service, such as exist during mobilization field training. We 
have made errors in this respect and, judging from some of the patients 
admitted to Fitzsimons General Hospital during recent weeks, we are not 
alone in our inability to so select cases. 


CASE REPORTS 


Patient M. T. was admitted to hospital with left upper lobe reinfection type of 
active tuberculosis. Was given artificial pneumothorax for one year and 
reéxpanded. The only residual of the process was a small fibrous lesion in 
second anterior intercostal space on the left. He was returned to military 
duty and was readmitted after seven months with a moderately large cavity 
at the site of the fibrous lesion. This case presents the potentialities of a 
fibrous minimal lesion. 


Patient L. M. presented a negative chest X-ray film in July, 1940 and a film 
made three months later showed moderately advanced reinfection type of 
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tuberculosis. This case illustrates that tuberculosis may make its appear- 
ance rapidly and subsequent to X-ray survey. 


Patient H. T. was surveyed for tuberculosis and chest film was negative in 
1939. Tuberculin test was negative. Chest X-ray was again made in 1940 
prior to commission in the Army. A chest film made one year later showed a 
tuberculous pneumonia of the right upper lobe. In this instance an advanced 
tuberculous process developed subsequent to X-ray survey. 


SUMMARY 


The tuberculosis problem of World War I has been discussed from the 
standpoint of the type of survey used and the resulting tuberculosis 
problem. It has been pointed out that liberalizing acts of Congress have 
added greatly to the cost of the problem. 

Charts illustrate the incidence and the cost of tuberculosis among 
veterans. In 1924 there were less than 40,000 veterans on the pension 
rolls for tuberculosis and in 1940 there were over 54,000 veterans on the 
rolls. Over 11,000 were hospitalized in 1940. The cost of tuberculosis 
since World War I has approximated one billion dollars with a present 
monthly cost of approximately three million dollars. In 1940 there were 
849,298 veterans on the pension rolls with a cost of $254,486,260. 

The purpose of the present mobilization tuberculosis survey with its 
faults has been discussed. An attempt has been made to criticize the 
plan in a constructive manner. 

Disposition of the tuberculous has been given for individuals depending 
upon their status. An estimate, or rather a guess, as to the number of 
tuberculous inductees has been given. The rejection of individuals 
with X-ray evidence of reinfection type tuberculosis is advocated. Case 
histories were given to show that apparently healed reinfection tuber- 
culosis could soon become reactivated under the conditions of military 
service. Also case histories were presented showing the development 
of pulmonary tuberculosis shortly after induction into military service, 
though the chest X-ray film was negative upon entrance into service. 
Tuberculosis survey of young adults eliminates tuberculosis from that 
group only for the moment. 

Since presenting this paper the Army Tuberculosis Survey has been 
improved. Practically all inductees are now being X-rayed prior to in- 
duction into the Army. Tuberculous inductees are not enrolled. It is 
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considered that the Army now has an excellent program of tuberculosis 
survey. 


SUMARIO 


Discitese aqui el problema tuberculoso de la Guerra Mundial I desde el 
punto de vista de la clase de estudios realizados y del resultante problema 
tuberculoso. Hacese notar que ciertos actos liberales del Congreso de 
Estados Unidos han aumentado considerablemente el costo de las obras. 

Por medio de graficas, muéstranse la frecuencia y el costo de la tubercu- 
losis entre los licenciados del Ejército. En 1924 habia menos de 40,000 
en las planillas de pensiones para tuberculosis, y en 1940 mas de 54,000, 
hospitalizandose mas de 11,000 en este Ultimo afio. El costo de la 
tuberculosis desde la Guerra Mundial I aproximase a mil millones de 
délares, mientras que el actual costo mensual aproximase a tres millones 
de délares. En 1940, 849,298 veteranos recibian pensiones que costaban 
$254,486,260. 

Discitense también los propdésitos del censo tuberculoso realizado 
durante la actual movilizacién, sefalandose sus defectos pero tratando de 
ofrecer criticas constructivas. 

Indicase la disposicién de los tuberculosos segin su estado, y ofrécese 
un calculo, o mas bien una conjetura en cuanto al nimero de reclutas 
tuberculosos. Recomiéndase el rechazo de los individuos en que haya 
signos roentgenolégicos de tuberculosis tipo reinfeccién. Publicanse 
historias clinicas para demostrar que una tuberculosis tipo reinfeccién 
aparentemente curada puede reactivarse pronto en las condiciones del 
servicio militar. Preséntanse otras historias clinicas que revelan la 
aparicion de tuberculosis pulmonar poco después del ingreso en el servicio 
militar, aunque la pelicula tor4cica era negativa al ingreso en el servicio. 
Un censo tuberculoso de los adultos jévenes elimina la tuberculosis de 
este grupo Ginicamente de momento. 

Desde que se present6 este trabajo, ha mejorado el censo de la tubercu- 
losis en el Ejército, y casi todos los reclutas son roentgenografiados 
antes de ser recibidos, rechazandose a los tuberculosos, de modo que 
cabe considerar el el Ejército de Estados Unidos cuenta ahora con un 
excelente servicio de fiscalizacién tuberculosa. 


SOURCES OF INFECTION IN TUBERCULOSIS 
CASE-FINDING! 


Report of an Experience 


G. E. HARMON anp BRUCE H. DOUGLAS 


Tuberculosis case-finding may be applied to a group about which 
nothing is known concerning the number of individuals within it that 
are infected, or the number of individuals within it that may have been 
exposed to the risk of infection from others. Or, on the other hand, 
such activities may be applied to a group composed of the household 
associates of individuals known to be infected with tuberculosis. 

In the latter case, two primary objectives may be distinguished, though 
perhaps they cannot always be sharply differentiated. The search may 
be directed toward the discovery of possible sources of infection among 
the household associates of certain individuals whose type of tuberculous 
infection is usually considered to be noninfectious. The search on the 
other hand may be directed toward the discovery of cases among the 
contacts or household associates of certain individuals, already recog- 
nized before the search is undertaken as being infectious, and therefore 
potential sources of infection to others. Both objectives are included, 
of course, in any well balanced program of tuberculosis case-finding. 

In the latter situation, infectious cases or sources are known and an 
attempt is made to discover additional instances of infection among their 
intimate associates. In the former situation, the one to be considered 
in the present report, cases of noninfectious forms of tuberculosis are 
known, and an attempt is made to discover sources among their asso- 
ciates from which the noninfectious cases may possibly have obtained 
their infection. 

In accordance with this point of view, the following definition, arbi- 
trary though it may be, was adopted. The family associates of the 
diagnosed conditions listed below involving tuberculous infection, usually 
not held to be infectious, were considered to constitute a population in 
which examinations were to be carried out, with the object of discovering 


1 From the Division of Tuberculosis, Department of Health, Detroit, Michigan. 
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possible sources of infection. This special population of potential sources 
will be designated for convenience “‘potential sources.” 


1: Positive tuberculin reactors under five years of age, with negative X-ray 
findings or no X-ray examination of the chest. 

: Primary tuberculosis: Inactive under five years of age. 
: Primary tuberculosis: Active. 

: Acute miliary tuberculosis under five years of age. 

: Tuberculosis meningitis under five years of age. 

: Tuberculosis of bones and joints. 

: Tuberculosis of the genito-urinary tract. 

: Tuberculous adenitis. 

: Pleurisy with effusion. 

10: Other nonpulmonary forms. 


Cases of the above listed forms of tuberculosis in the main are not 
associated with excretions containing living tubercle bacilli. Although 
an occasional case may give off living bacilli, it seems justifiable to con- 
sider the group as a whole as noncommunicable and, therefore, not likely 
to be a source of infection or danger to others. Therefore, cases of the 
noncommunicable group would not be expected to originate secondary 
cases, but on the contrary to represent the result of infection obtained 
from some nearby source. Furthermore, one complete examination of 
each family associate of a case of the noncommunicable form should 
suffice to find the source of infection, since only the more easily detected, 
definite, active forms of tuberculosis would be sought. 

Furthermore, the potential source population was limited in another 
way. If an examination of the tuberculosis register revealed that a 
previous infective case of tuberculosis was recorded as having occurred in 
the family previous to the diagnosis of a case of any of the conditions 
listed above, all the members of that family were removed from the num- 
ber of potential sources. In other words, the potential sources only 
included the members of families in which cases of the conditions listed 
above constituted at the time of report the only officially known in- 
fected person. 

In attempting to get all potential sources examined, the following 
standards were adhered to. Family associates of cases of the listed forms 
of tuberculosis were examined only once. When every member of a 
family group had been examined, then, unless the findings indicated 
otherwise, no further follow-up work was done and the records were 
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closed. If a member of a family group failed to codperate, the member 
received a second visit from a public health nurse six months after the 
first visit. If then there was no response, no further effort was expended 
on that member. If a member of a family group had left a household 
within six months previous to the diagnosis, such a member was con- 
sidered to be a potential source and an attempt was made to get such a 
former member examined. 
Two cases will be given to illustrate the procedure: 


Case 1: N.S., female, colored, age eleven years, X-ray film of her chest July 
19, 1940 was classified as primary active. Family consisted of father, mother, 
brother age twenty-two years, brother age eighteen years, brother age seventeen 
years, brother age thirteen years, and two relatives. None of these had been 
previously reported as having tuberculosis. Two relatives were not examined. 
X-ray films of the chest of father October 3, 1940; for mother July 19, 1940; 
for brother age seventeen October 3, 1940; for brother age thirteen, July 19, 
1940, were classified negative. X-ray film of chest for brother age eighteen, 
October 4, 1940 was classified as pleurisy with effusion. X-ray film of chest 
of brother age twenty-two, September 29, 1940 was classified as far advanced 
active. This brother was considered as the probable source of infection for 
the original primary active case with which the search started. 


Case 2: W. W., male, white, age four years, tuberculin test positive August 
25, 1939, X-ray film of chest was negative. Family consisted of father, mother, 
twin sister age four, sister age three, and two roomers. None of these had 
been previously reported as having tuberculosis. The two roomers were not 
examined. Mother had positive tuberculin test September 1, 1939. X-ray 
film of chest September 6, 1939 was classified as negative. Twin sister age 
four years had negative tuberculin test September 1, 1939. Sister age three 
had negative tuberculin test September 6, 1939. X-ray film of chest October 
24, 1939 of father was classified as far advanced active. Father was con- 
sidered as the probable source of infection for the original positive reactor 
with which the search started. 


During the period June 1, 1939 to December. 1, 1940, 1,841 family 
associates of 405 noninfectious cases of tuberculosis as defined were fol- 
lowed in accordance with the adopted procedure. Their records had 
been closed by the end of the period, and were tabulated as of December 1, 
1940. The results are set forth in tables 1 and 2. 

Considering the totals of table 1, it will be seen that 1,064 or 57.8 per 
cent of the potential sources were not examined; 30, or 1.6 per cent, were 
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incompletely examined, since a positive tuberculin reaction was not fol- 
lowed by an X-ray film of the chest; and 747, or 40.6 per cent, were com- 


TABLE 1 
Potential sources and extent of examination according to type of tuberculous condition 


TUBERCULIN | TUBERCULIN| 
TUBERCULIN 
. | POTENTIAL POSITIVE NEGATIVE x- 
TUBERCULOUS CONDITION CASES | SOURCES NO x-RAY NO X-RAY RAYED eeu 
FILM FILM 


Positive tuberculin re- 

Primary inactive 29 
Primary active........ 
Acute miliary......... 26 
Meningitis 17 
Bones and joints 158 
Genito-urinary tract... 66 
Pleurisy with effusion. . 194 
Other nonpulmonary 


160 
30 
133 
26 
33 
61 
31 
56 


116 


| 1,064 


TABLE 2 


Distribution of 44 potential sources with significant X-ray findings according to tuberculous 
condition and X-ray findings 


ADULT TYPE: ACTIVE 


PRI- NON 
TUBERCULOUS CONDITION MARY Moder- PUL- | MILIARY 
ACTIVE ; Mini- | ately | Far ad- |monaARY 
mal ad- | vanced 
vanced 


Positive tuberculin reactors. . . 1 


2 


Genito-urinary tract.......... 
Adenitis 

Pleurisy with effusion 

Other nonpulmonary forms... . 


14 


pletely examined on the basis of a negative tuberculin test or an X-ray 
examination of the chest. 
Of 502 potential sources X-rayed, the films of 270 were classified as 


| | 66 94 
| 27 
| 33 100 
| — 26 
| | 17 16 
| | 34 | 27 | 
| | 5 | 26 
| | 16 40 
| | 50 85 135 
| 
2] | | 1 | 21 61 | 82 
Total.............., 405 | 1,84 | 30 | | soz | 747 
| ALL 
TOTAL 
HEALED 
| | 4 | 7 13 
| 2 
| 5 1 | 2 1 16 
2); 1 | 3 
| 1 | | | 2 
Bones and joints............. | | 1 | | 1 
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negative; of 45 as primary healed; of 139 as suspicious; of 3 as dry pleu- 
risy; and of one as a nontuberculous condition. All of these individuals 
have been excluded from table 2, since none of them was considered to 
be a source for the cases started with. 

Again considering totals for table 2, of the 44 cases found among the 
potential sources, the 5 primary active cases, the one nonpulmonary 
case and the 3 miliary cases, while of interest in that they should be 
followed, must be eliminated as possible sources for the tuberculous 
conditions started with. In fact, they are conditions for which sources 
should be sought. The 9 cases of healed adult type of infection may have 
been active at some time and, therefore, may have served as sources. 

It seems reasonable only to count the 26 cases of active adult type of 
tuberculosis as newly discovered sources for the tuberculous conditions 
started with. If these cases be related to the 502 potential sources 
X-rayed, there results what may be called a source rate of 5.2 per 100 
persons X-rayed. If, on the other hand, the cases be related to the 747 
persons who either had a negative tuberculin reaction or were X-rayed, 
a source rate of 3.5 per 100 examined is obtained. 

The number of sources found for most of the individual classified 
tuberculous conditions is too small to have great reliability. It is 
interesting to note, however, that by using the information of tables 1 
and 2 as just illustrated for totals, source rates of 6.4 and 3.8 are obtained 
for the associates of positive tuberculin reactors, depending respectively 
upon which base is used. 

For associates of primary active tuberculosis, the corresponding source 
rates are 9.0 and 6.8 respectively. For the associates of the conditions 
classified as tuberculosis of the genito-urinary tract and tuberculous 
adenitis, no sources were found. 

It is concluded that the search for sources is an important part of 
tuberculosis case-finding and may be as productive of results as the 
search for cases among contacts. 


SUMMARY 


An attempt was made to get the family associates of 405 noninfectious 
cases of tuberculosis examined with the idea of discovering sources from 
which the cases might possibly have obtained their infection. Of a total 
of 1,841 family associates, 747 were considered to have been satisfactorily 
examined on the basis of either a negative tuberculin test or an X-ray 
examination of the chest. Among these, 26 cases of active adult-type 
tuberculosis were brought to light for the first time. The discovered 
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cases may well have been the sources from which the associated non- 
infectious cases obtained their infection. 

This result gives a source rate of 3.5 per 100 examined as compared 
with a case rate of 4.2 for a group of contacts. The conclusion seems 
justified that the search for sources is an important part of tuberculosis 
case-finding and may be almost as productive of results as the search for 
cases among contacts. 


SUMARIO 


En este estudio trat6ése de examinar a los allegados familiares de 
405 casos no infecciosos de tuberculosis, con la idea de descubrir los 
focos en que hubieran podido infectarse los enfermos. De 1,841 allega- 
dos, en 747 puede considerarse que el examen fué satisfactorio, tomando 
por base bien una reacci6n negativa a la tuberculina o un examen roent- 
genoldgico del t6érax. Entre ellos, se pusieron de manifiesto por primera 
vez 26 casos de tuberculosis activa de tipo adulto. Estos casos pueden 
muy bien haber sido los focos en que contrajeron el mal los casos no 
infecciosos asociados con ellos. 

El resultado del estudio rinde un coeficiente de 3.5 focos por 100 
examinados, comparado con un coeficiente de morbidad de 4.2 para un 


grupo de contactos. Parece justificada la conclusién de que la pesquisa 
de los focos constituye una parte importante del descubrimiento de los 
casos tuberculosos, y puede dar tan buenos resultados como la pesquisa 
de casos entre los contactos. 


TUBERCULOSIS AMONG NURSES! 


A Study of the Effect of Tuberculosis Service on the Incidence of Tuberculous 
Infection and Disease among Student Nurses 


D. R. HASTINGS anp BORGHILD G. BEHN 


In the past decade a good many studies have been made of the in- 
cidence of tuberculous infection and of tuberculous disease among nurses. 
It has been demonstrated fairly conclusively that the incidence of in- 
fection and disease in nurses is somewhat higher than for women of the 
same age groups in other occupations. The purpose of this study will 
be to determine whether nurses who have a definite period of contact 
with known cases of tuberculosis are more likely to develop tuberculosis 
than those girls who supposedly have no contact with tuberculous pa- 
tients while in training. 

In 1928, Miss Whitney estimated that about 1.5 per cent of young 
women have tuberculosis. This estimate was based on a clinical study 
and probably did not include the tuberculosis which is diagnosed in 
routine X-ray examinations of nurses such as are now the practice in 
many hospitals. One would expect that the incidence of tuberculosis as 
determined by such X-ray studies would be greater than the morbidity 
rate given by Miss Whitney. 

The incidence of infection and disease among nurses in hospitals and 
sanatoria varies with the locality and with the type of hospital. Bow 
in Saskatchewan found that the incidence of tuberculosis among 2,281 
student nurses was about eight times that among 3,376 Normal School 
students. Britton and Ballman reported that 2.2 per cent of all nurses 
employed in Chicago have tuberculosis. Brahdy believes that when the 
same case-finding methods are used the incidence of tuberculosis among 
hospital personnel is no higher than for any similar group. In colleges 
with X-ray case-finding methods, morbidity rates reported ranged from 
3.1 per 1,000. to 12.7 per 1,000 for young women, while in five nurses’ 
training schools the morbidity rate was 6.7 per 1,000. He does make 
one reservation—nurses who are tuberculin-negative on entrance into 
training prove to be much more likely to develop tuberculosis than those 


1 From Glen Lake Sanatorium, Oak Terrace, Minnesota. 
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who are tuberculin-positive. Brahdy found six times as much tuber- 
culosis among the tuberculin-negative nurses in his study. 

Other investigations could be cited, but most of them agree fairly well 
on certain points. From a survey of the literature these conclusions may 
be stated tentatively: 


1: There is no reason to believe that incidence of infection (as measured by 
the tuberculin test) and morbidity rate for tuberculosis are any higher among 
girls entering training than for young women of the same age groups in the 
general population. 

2: There is a certain degree of occupational hazard from tuberculosis, par- 
ticularly for those nurses who are tuberculin-negative on entering training. 
It is inevitable that the student nurses come in contact with cases of active 
tuberculosis even in those hospitals which supposedly do not admit tuber- 
culous cases. Most investigators seem to feel that primary tuberculous in- 
fection provides some degree of immunity, an increased resistance to reinfec- 
tion. However, since there is still some controversy as to whether a primary 
infection constitutes an immunity or an increase in susceptibility to the disease, 
the tuberculin-positive and tuberculin-negative will be considered separately 
in this study in order to determine which group most frequently develops 
tuberculosis. 

3: There seems to be a universal agreement that the infection rate is greater 
for nurses who spend a definite period of time on tuberculosis service than for 
those who supposedly have no contact with tuberculous cases. This has led 
to a wide-spread belief that it is extremely hazardous for a nurse to work in 
a tuberculosis division of a hospital or in a tuberculosis sanatorium. It seems 
logical that the test of safety of employing nurses to care for tuberculous 
patients is the case incidence rate rather than the incidence of infection. Cer- 
tainly not everyone who becomes tuberculin-positive has tuberculosis. 


This is a study of 706 student nurses in six different Minneapolis 
hospitals. None of the hospitals has a separate tuberculosis service, 
nor do any of them knowingly admit tuberculous patients. In three of 
the hospitals (Northwestern, Eitel and Abbott) the student nurses have 
no tuberculosis work. The other three hospitals (Deaconess, Asbury 
and Hill Crest) have had affiliation with Glen Lake Sanatorium. The 
nurses who were in training at Deaconess and Asbury during the years 
covered by this study spent six weeks at the Sanatorium on tuberculosis 
service, while the Hill Crest student nurses had a twelve-week service. 

The first class included here entered training in the spring of 1929, 
while the last class entered in the fall of 1935, graduating in the fall of 
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1938. There are other later records available if at any time it should 
prove desirable to extend this investigation, but for the present we stopped 
with the class of 1938 in order that each girl could be followed at least 
one year after leaving training. 

The 706 nurses were separated into three groups: 


1: Graduates with six to twelve weeks tuberculosis service (these are the gradu- 
ates of the affiliated hospitals). 

2: Graduates with no tuberculosis service (this group includes those graduates 
of the affiliated hospitals who did not have tuberculosis service as well as 
graduates of the hospitals that had no affiliation with Glen Lake Sanatorium). 
3: All student nurses who did not complete the training course (none of the 
girls in this group had any tuberculosis service). 


TABLE 1 
AVERAGE NUM- 
ENTERING 
TRAINING 
Number Leaving 
Graduates with tuberculosis service............... 163 121 | 74.2 6.6 | 3.6 
Graduates without tuberculosis service............ 341 268 | 78.6 | 6.3 3.3 
Girls who did not finish training................. 202 162 | 80.2 S84: 5.2 
706 | 551 | 78.0} 6.2 | 4.0 


Every effort has been made to get in touch with the girls after they left 
training, but as usual there is a certain percentage for whom we have 
been unable to obtain follow-up information. Out of the 706 girls, 155, 
or 22.0 per cent, have not replied to any questionnaire; 78 per cent of 
the girls have been followed from 1.5 to 8.5 years since they left training, 
an average of four years for all three groups combined. 

Table 1 gives the number and percentage of girls for whom there is 
follow-up information, and also the average number of years followed 
since entering and since leaving training. 

A slightly larger percentage of nurses who had no tuberculosis service 
replied to the questionnaires, but the difference in the percentages is 
not statistically significant since the odds are only 2 to 1 that it is due 
to other than chance factors. 

As far as could be ascertained from the personal history sheets filled 
out at the time they entered training, the three groups were quite com- 
parable in every respect that might have some bearing on their suscepti- 
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bility to tuberculous infection. There were no real differences in average 
age, percentage of girls coming from large communities, percentage re- 
porting family history of tuberculosis or in the percentage reporting some 
previous exposure. A summary of the information obtained from these 
entrance questionnaires is given in table 2. 

Immediately after entering training each girl was tuberculin tested 
and X-rayed. The results of this initial test and X-ray film are given 
in table 3. There appears to be a somewhat smaller percentage of posi- 
tive reactors on the initial tuberculin test among the group that graduated 
with tuberculosis service, but the differences are not large enough to 
be statistically significant. The percentage of girls having a negative 
initial X-ray film is practically identical for ail three groups. If we con- 


TABLE 2 


Summary of information obtained from the personal history sheets filled out by the girls at the 
time they entered training 


PERCENT | 
aveRace | LIVING IN | 
COMMUNI- 
AGE AT 
MORE THAN Family Previous 
50,000 history exposure 


PER CENT REPORTING 
TUBERCULOSIS 


Graduates with tuberculosis service 15. 
Graduates without tuberculosis service : 12. 
Girls who did not finish training a. 


13.2 
14.4 


1 


| 
| 19.6 
| 
| 


12.6 | 13.2 15.0 


Total—all groups 


sider the three groups together we find that 680, or 96.3 per cent, were 
negative for tuberculosis at the time they entered training; 7, or 1.0 per 
cent, had some sort of pleural changes (thickened pleura, diaphragmatic 
adhesions or other evidence of pleurisy) though in no case was there any 
evidence of tuberculosis; and 14, or 2.0 per cent, had a diagnosis of child- 
hood tuberculosis; while 5, or 0.7 per cent, had adult type tuberculosis. 
These results are quite in accord with those reported by other investi- 
gators. 

Of the 5 girls who had evidence of adult type tuberculosis on the initial 
X-ray film, 3 were dismissed immediately. One of these girls died six 
years later of tuberculosis but the other 2 are alive and apparently well. 
Both of them reported negative X-ray films in their replies to the follow- 
up questionnaires. Two of the girls were allowed to continue training 
and graduated. In each case the diagnosis just prior to graduation was 


3 | 3 

0 | 8 

4 | 8 
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minimal inactive. One girl has had periodic check-ups in the four years 
since she left training and her tuberculosis has at no time shown signs 
of becoming active. The other girl has had no tests or X-ray films since 
leaving training, but she has married and apparently is quite well. 

At all of the hospitals included in this study the student nurses were 
tested and X-rayed at the beginning of the second and third year of 


TABLE 3 
Results of initial tuberculin test and X-ray film 


INITIAL X-RAY FILM 


INITIAL TUBER- Child 
CULIN TEST ild- 

Adult 

Negative Pleural hood 


changes type 


tuber- 
Number | Per cent | Number | Per cent culosis culosis 


Graduates with tuberculosis 
service 

Negative 

Positive 


Graduates without tuberculosis 
service 
Negative 
Positive 


Girls who did not finish training 
Negative 
Positive 


| 
| 
| 
| 
| 
| 
| 


Total—all groups | 
Negative 497 1 
Positive 202 | 28. 183 13 

706 | 680 | 96.3 14 


training, and also just before graduation. Those who had tuberculosis 
service were tested at the beginning of the service and again about six 
weeks after they left the Sanatorium. The value of such periodic tests 
and X-ray examinations has been thoroughly established. Even though 
the case incidence of tuberculosis among student nurses is much higher 
than for women of the same age groups in the general population, there 
are fewer advanced cases among these nurses and the mortality is lower. 
Any tuberculosis which might develop during training should be dis- 


| | 
| 41 | 25.2] 36 | } 0 | 5 | O 
| 157 | 96.3 | 1 | 5 | 0 
| 
.| 240 | 234 } 4] 1 1 
| 101 29.6 | 94 2 | 4 1 
| 328 | 96.2 | 6 | 5 | 2 
| | | | | 
| 60 | 29.7| 53 |} oO | 4 | 3 
| 195 | 96.5| 0 | 4 | 3 
1 
| 4 
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covered in the early stages of the disease. Riggins found 87 per cent 
minimal and 13 per cent moderately advanced out of 32 cases of clinical 
tuberculosis among student nurses. Among graduates in the same hos- 
pitals there were 57 per cent minimal, 34 per cent moderately advanced 
and 9 per cent far advanced, while among affiliates he found 50 per cent 
minimal, 42 per cent moderately advanced and 8 per cent far advanced. 
The graduate nurses and the affiliates did not have periodic X-ray films, 
such as were given the student nurses during training. In another ten- 


TABLE 4 
Summary of tuberculin tests 


GRADUATES GRADUATES 
WITH WITHOUT 
TUBERCULOSIS | TUBERCULOSIS 
SERVICE 


Number entering training 163 


Per cent positive at entrance 25.2 


Per cent positive at discharge 60.8 


Per cent change negative to positive dur- 
ing training 50.8 


Per cent change negative to positive dur- 


ing 
6 weeks tuberculosis service 
12 weeks tuberculosis service.......... 


Per cent change positive to negative. ..... 


* If this ratio is 2.0 or over, then the odds against the difference being due to chance alone 
are more than 20:1, and we say the difference is significant. In other words, it is a real 
difference and not one that could have occurred through the errors of sampling. 


year survey of tuberculosis among nurses at Bellevue Hospital, Amberson 
and Riggins found that among graduates and affiliates who came in for 
examination only after development of symptoms 46.5 per cent were 
advanced cases of tuberculosis, while among the student nurses who had 
periodic X-ray examinations, 100 per cent of the cases of tuberculosis 
discovered during training were diagnosed as minimal. They also found 
that clinical tuberculosis developed four times as frequently among 
nurses who were tuberculin-negative when they entered training as among 
those who were tuberculin-positive. 

Table 4 gives a summary of tuberculin tests, a comparison of graduates 


| | us 
SEdiff. 
| 341 
| 29.6 1.05 
«US 
| 4.2 
| 7.4 
| 53.4 = 1.57 
| 4.7 
11.6 
| 39.2 —— = 2.00 
| | 5.5 
| | 
| wen 
| 25.0 | | 
—8.6 
4.3 12.9 | 2.21 
| | 3.9 
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having six and twelve weeks tuberculosis service with those who suppos- 
edly have not been exposed to cases of active tuberculosis during training; 
25.2 per cent of the group with tuberculosis training were positive on 
the initial tuberculin test while there were 29.6 per cent positive reactors 
among the group without tuberculosis service. The difference in per- 
centage of positive reactors on the initial tuberculin test is not signifi- 
cant. At graduation there were 60.8 per cent positive reactors among 
the nurses who had had tuberculosis service and only 53.4 per cent in 
the group which had no known contact with tuberculous patients during 
training. Again the difference between the two groups is not statistically 
significant. There is, however, a significantly greater incidence of tuber- 
culous infection, as measured by the percentage change from negative to 
positive during training, among the nurses who had a definite period 
of exposure to cases of active tuberculosis; 11.6 per cent more girls changed 
from negative to positive on the tuberculin test in the group with tuber- 
culosis service than in the group which did not have tuberculosis service. 
The percentage change from negative to positive during tuberculosis 
service was 15.5 per cent for the girls who had a six-week service and 25 
per cent for those who had a twelve-week service. At first glance this 
seems like a large difference, but an application of a simple test of sig- 
nificance indicates that it could very easily have occurred by chance. 
While there is not much question that the incidence of tuberculous in- 
fection is increased by a definite period of contact with known cases of 
tuberculosis, still it does not necessarily follow that the increase in in- 
fection will proceed at the same rate if the length of the period of contact 
is increased. In other words, assuming that the rate of increase in tuber- 
culous infection is constant is not justified. After all, no matter how 
long a group is exposed to active cases of tuberculosis not more than 100 
per cent of the group can become infected. 

The infection rate in this series of data is not as high as that reported 
in other similar studies. Some investigators have reported 100 per cent 
positive reactors among nurses at graduation, and most of them report 
80 per cent or more changing from negative to positive during training. 
There seems to be no mention in the literature of the possibility of a 
shift from positive to negative reaction on the tuberculin test, though 
such changes must have been noted. For this series of data, 12.9 per 
cent of the positive reactors became negative before they finished training 
in the group that had no tuberculosis service, while only 4.3 per cent of 
the group with tuberculosis service changed from positive to negative. 
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A part of this change is undoubtedly due to random differences in reading 
borderline reactions, but if this were the only explanation there should 
not be a significant difference between the two groups. It seems possible 
that there may be a small percentage of positive reactors who vary in 
the amount of allergy. 

However, the real test of the safety of student nurses in caring for 
tuberculous patients lies not in the incidence of infection but in the actual 


TABLE 5 


Tuberculosis discovered by X-ray among student nurses during training and within one year 
after graduation 


TUBERCULOSIS DEVELOPING WITHIN 
ONE YEAR AFTER GRADUATION 


INITIAL 
TUBERCULIN ~ | Tuber- | Adult type tuber- 
TEST culous culosis 
perito- 
nitis 


culosis Number | Per cent 


Graduates with tuberculosis service 
Negative 
Positive 


Graduates without tuberculosis service 
Negative 


Girls who did not finish training 
Negative 
Positive 


Total—all groups 
Negative 
Positive 
706 


case incidence of tuberculosis. Do student nurses who have a definite 
contact with tuberculous patients develop tuberculosis more frequently 
than those nurses who, theoretically at least, are not exposed? Table 
5 gives a summary of tuberculosis discovered by X-ray among student 
nurses while they were in training and within one year after they left 
training. The tabulation is made for tuberculin-negative and tuberculin- 
positive (on the initial tuberculin test) nurses separately in order that 


| | | | 
11 | Oo | | 
| | 
1 
202 | | 0 2 | 1.0 
| | | | 
| 1 8 | 
1 | 0 1 
2 | 1] 9 | 1.3 
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we might determine which is the more likely to develop tuberculosis 
during training. 

Both cases of childhood tuberculosis were diagnosed at the beginning 
of the second year of training. The one case of tuberculous peritonitis 
was that of a girl who died about six months after graduation. All of 
her tests and X-ray films had been negative throughout training and 
at graduation. 

The case incidence appears to be higher among graduates who had 
tuberculosis service than in the group without service (18 per 1,000 as 
against 12 per 1,000) but the difference is not statistically significant. 
However, if we examine the individual cases we must conclude that the 
time spent on tuberculosis service is accompanied by a greater risk of 
developing tuberculosis than any other period during the training course. 

In the group of graduates who had tuberculosis service one girl had a 
positive test before service and was diagnosed as a tuberculosis suspect 
at graduation. She was never hospitalized and subsequent X-ray films 
showed no change for one and one-half years, the last X-ray film being 
negative. The other 2 girls had negative tests and X-ray films before 
service. ‘They were diagnosed as minimal cases of tuberculosis on their 
discharge X-ray films some six months after they finished their tuber- 
culosis service. There is not much doubt that they obtained the infec- 
tion during their tuberculosis service. Both were admitted to the sana- 
torium. One was discharged as arrested sixteen months later and em- 
ployed as a nurse at the sanatorium after her discharge. She has recently 
been readmitted because of a spread according to her X-ray film. The 
other girl left against advice ten months after she was admitted. Her 
diagnosis at discharge was moderately advanced, improved. Artificial 
pneumothorax had been instituted and is still continued. She has had 
periodic check-ups since leaving the sanatorium and apparently is getting 
along very nicely. 

Of the 6 girls diagnosed as tuberculous during training or at graduation 
in the groups that did not have tuberculosis service, 3 were classified as 
minimal inactive. They are all alive and well, have never been hos- 
pitalized for tuberculosis. One girl left training after five months to 
enter a sanatorium because of pleurisy with effusion, probably tuber- 
culous. The pleurisy cleared up in seven months, but she was readmitted 
two years later with tuberculosis in both lungs. She was still a bed pa- 
tient two years after her readmission, but we have had no response to 
our last follow-up letter. Another girl who was diagnosed as tuberculous 
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after seventeen months training has been in and out of sanatoria during 
the past seven years, is at present a strict bed patient with a diagnosis 
of far advanced tuberculosis, quiescent. The third girl was admitted 
to a sanatorium one month after her graduation and was still a bed pa- 
tient at the time of the last follow-up three years later. 

Two of the 5 cases of tuberculosis requiring sanatorium care were 
nurses who became infected during tuberculosis service. The other 3 
were diagnosed as tuberculous from five months to three years after 
they entered training. 


TABLE 6 
Summary of information from follow-up letters 


KNOWN TO HAVE TUBERCULOSIS ONE 
YEAR OR MORE AFTER LEAVING TRAINING 


NUMBER 
EXPOSURE SINCE X-RAY AT TIME OF LEAVING ENTERING! Child- Adult t pe tuber- 


LEAVING TRAINING TRAINING TRAINING | hood | Pleurisy rt 
type with 

tuber- | effusion | 

culosis Active | Inactive 


No information | Negative 0 0 0 
Childhood type tuberculosis 3 0 0 
Adult type tuberculosis 0 0 1 


Negative 3 3 
Childhood type tuberculosis 0 
Adult type tuberculosis 


Yes (includes Negative 
sanatorium Childhood type tuberculosis 
patients) Adult type tuberculosis 


Total—all groups 


Per cent of total 


In comparing the nurses who were tuberculin-negative when they 
entered training with those who were tuberculin-positive, it is apparent 
that the tuberculin-negative nurses are much more likely to develop 
tuberculosis during training. Of the 5 girls who had evidence of adult 
type tuberculosis on the initial X-ray films, one had a negative test while 
the other 4 were tuberculin-positive. These individuals should not be 
included in calculating the case incidence of tuberculosis during training. 
Of the 701 girls who did not show any tuberculosis on the initial X-ray 
film, 198 were tuberculin-positive and 503 were tuberculin-negative at 


| 
} } 
None 
72 | 0 1 5 1 
3 2 0 1 | O 
7 | 0 0 6 1 
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the time they entered training. Out of the 198 tuberculin-positive nurses 
one was diagnosed as tuberculous before graduation (a case incidence of 
5 per 1,000) while 8 of the 503 tuberculin-negative nurses developed tuber- 
culosis (a case incidence of 16 per 1,000). Both of the girls who developed 
tuberculosis during tuberculosis service were negative before service. 

As has been pointed out previously, these nurses have been followed 
for an average of four years after they left training. Table 6 summarizes 
the information from the follow-up questionnaires. The nurses have 
been divided into three groups: 


1: Those with definite exposure to tuberculosis after leaving training. 
2: Those with no known exposure to tuberculosis after leaving training. 
3: Those for whom we have no information after they left training. 


Three additional cases of childhood type tuberculosis, one case of 
pleurisy with effusion (probably tuberculous), and 13 cases of adult type 
pulmonary tuberculosis (one of which had had childhood type tuber- 
culosis throughout training) were diagnosed a year or more after the 
nurses left training. In 4 of the 13 new cases of adult type tuberculosis 
the diagnosis was minimal inactive. Of the 9 active cases, 3 reported 
no known exposure since leaving training. However, 2 of the 3 girls 
had been working, one as a visiting nurse and the other as a private duty 
nurse, and they could very easily have been exposed to unrecognized 
cases of tuberculosis. The third girl had been married two years before 
learning that she had tuberculosis. Her husband had been an inactive 
case and she was not quite sure that she had not been exposed. Two 
other nurses married men with active tuberculosis and within a very 
short time broke down themselves. Four of the girls had worked in 
tuberculosis sanatoria or in tuberculosis wards of hospitals since leaving 
training. One of the 4 inactive cases had been employed as a nurse at 
the sanatorium for two and a half years before a routine X-ray film showed 
evidence of tuberculosis. She is still working but being checked at fre- 
quent intervals. The other 3 inactive cases had no knowledge of any 
exposure to tuberculosis since leaving training. 

The one case of pleurisy with effusion was discovered by a routine 
X-ray film after the girl had been working at the sanatorium for a year. 
She was hospitalized for fourteen months, and when finally discharged 
her pleurisy had cleared and the fluid had been absorbed. Three of the 
active cases of tuberculosis reported since the girls left training are still 
hospitalized. Five have been discharged as arrested after an average 
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of two years each in a sanatorium. One girl left against advice with a 
discharge diagnosis of minimal quiescent after nine months in bed. She 
has since married and seems to be quite well. None of the girls who 
developed tuberculosis either during training or afterwards have died. 


SUMMARY 


1. The incidence of infection (as measured by reaction to tuberculin) 
and of tuberculosis is no higher for girls about to enter training than for 
any similar group of young women. 

2. The infection rate measured by the percentage change from negative 
to positive reaction to tuberculin is about 11.6 per cent higher for those 
nurses who spent a certain portion of their training period on tuberculosis 
service. The morbidity rate was also higher (18 per 1,000 as against 
12 per 1,000 for the group which did not have tuberculosis service) but 
with the data here available this difference in morbidity rates does not 
prove to be significant. 

3. There seems to be a certain occupational hazard from tuberculosis 
in nursing. At the beginning of the training period 96.3 per cent of the 
girls had completely negative X-ray films. At the end of three years’ 
training only 93.3 per cent of the nurses with tuberculosis service and 94.8 
per cent of those without tuberculosis service had negative X-ray films. 
Moreover, as far as clinical tuberculosis is concerned, the morbidity rate 
for this series of nurses is somewhat higher than the 1.5 per cent reported 
for young women in general. To date 2.2 per cent of the 703 girls who 
were allowed to enter training have developed clinical tuberculosis. 

4. Tuberculin-positive nurses are much less likely to develop tuber- 
culosis during training than are tuberculin-negative nurses. The case 
incidence for the nurses who were negative when they entered training 
was more than three times that for the girls who reacted to tuberculin 
at the entrance examination. 

5. There was one death among the 28 cases of adult type tuberculosis, 
and that was of a girl who was diagnosed as tuberculous when she entered 
training and was dismissed immediately. Of the 9 cases which were 
discovered during training, 7 were diagnosed as minimal, one was unclas- 
sified and one had pleurisy with effusion. Of the 14 cases discovered 
after the girls left training, 10 were minimal, 3 were moderately advanced 
and one had pleurisy with effusion (possibly tuberculous). Even though 
the case incidence among nurses is higher than for young women in 
general, the disease is discovered in the earlier stages, and the mortality 
is lower. 


TUBERCULOSIS AMONG NURSES 


SUMARIO 


1. La incidencia de la infeccién tuberculosa (medida por la reaccién 
a la tuberculina) y de la tuberculosis no es mayor en las jévenes que 
estan a punto de comenzar sus estudios de enfermeria que para ningdn 
grupo semejante de mujeres jévenes. 

2. El coeficiente de infeccién, medido por la alteracién porcentuaria 
de la reaccién negativa a positiva, viene a ser aproximadamente 11.6 
por ciento mayor para las enfermeras que pasaron parte de su periodo 
de preparacién en los servicios de tuberculosis. La morbidad también 
fué mayor (18 por 1,000, comparado con 12 por 1,000 para el grupo 
que no tuvo servicio de tuberculosis), pero conforme a los datos aqui 
presentados no reviste importancia esta diferencia en la morbidad. 

3. En la enfermeria la tuberculosis parece crear cierto riesgo pro- 
fesional. Al comenzar su periéddo de ensefianza, 96.3 por ciento de las 
estudiantes tenian roentgenogramas absolutamente negativos. Al cabo 
de tres afios de estudio, sdlo 93.3 por ciento de las enfermeras que habian 
asistido a los servicios de tuberculosis, y 94.8 por ciento de las que no 
habian asistido a esos servicios, tenian peliculas negativas. Ademas, 
en lo tocante a tuberculosis clinica el coeficiente de morbidad para esta 
serie de enfermeras es algo superior al 1.5 por ciento comunicado para 
las j6venes en general. Hasta la fecha 2.2 por ciento de las 703 jévenes 
a las que se permiti6é comenzar la ensefianza de la enfermeria han revelado 
tuberculosis clinica. 

4. Las enfermeras positivas a la tuberculina son mucho menos sus- 
ceptibles de contraer tuberculosis durante su periodo de adiestramiento 
que las negativas. El coeficiente de morbidad entre las enfermeras 
negativas al comenzar su adiestramiento fué mas de tres veces superior 
al de las que reaccionaron a la tuberculina en los examenes de entrada. 

5. Hubo una muerte entre los 28 casos de tuberculosis de tipo adulto, 
y fué en una joven diagnosticada como tuberculosa al comenzar su 
ensefianza, y que fué despedida en el acto. De los 9 casos descubiertos 
durante el adiestramiento, 7 fueron clasificados como minimos, uno no 
fué clasificado, y uno manifesté pleuresia con derrame. De los 14 casos 
descubiertos después que las estudiantes abandonaron su adiestramiento, 
10 fueron minimos, 3 moderadamente avanzados y uno tuvo pleuresia 
con derrame (posiblemente tuberculosa). Aunque el coeficiente de 
morbidad entre las enfermeras es superior al de las j6venes en general, 
la enfermedad es descubierta en ellas en su perfodo incipiente, y la mor- 
talidad es menor. 
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TUBERCULIN TESTS IN BRITISH GUIANA? ? 


OLIVER M. FRANCIS 


This paper is presented as supplementary to the writer’s paper (1) on 
Tuberculosis in British Guiana. 

Tuberculin testing on any extensive scale has hitherto not been 
attempted in British Guiana. Nor are there any records of the sys- 
tematic use of tuberculin for diagnostic purposes in the Colony. This 
work was commenced at the King Edward VII Memorial Tuberculosis 
Dispensary in 1936. At first, tests were restricted to contacts of notified 
cases and patients whose clinical examination revealed or strongly in- 
dicated the presence of tuberculous disease. These were referred to the 
X-ray clinic at the Public Hospital, Georgetown, where the Dispensary 
Physician had an opportunity to read the tests. Later the tests were 
given to a larger number of patients attending the Dispensary who could 
report subsequently for inspection. In 1939 and early in 1940, a number 
of pupils of various races attending two primary and three secondary 
schools in Georgetown were given tests at their schools. A small num- 
ber of nurses of the Public Hospital have also been tested. All reactors 
among scholars and nurses were subsequently examined by fluoroscopy. 

With very few exceptions the persons who received these tests resided 
in Georgetown or its environs. It is suggested, therefore, that the total 
figure constitutes a representative sample or cross section of the popula- 
tion of the City and its environs as the large majority of the Dispensary 
patients in the later years merely suffered from common cold. More- 
over, the pupils included complained of no illness. 

The preparation used and dosage given was 0.1 cc. of a freshly pre- 
pared solution of 1 to 1,000 Old Tuberculin. The intracutaneous method 
of Mantoux was adopted. The writer gave ail the tests and read them 
all; therefore no difference due to personal equation enters into the pic- 
ture. The tests were read in forty-eight hours approximately. In grad- 
ing the reaction the method of Opie (2) was adopted. 

1From a paper read at a meeting of the British Guiana Branch of The British Medical 


Association, June 7, 1940. 
2From the King Edward VII Tuberculosis Dispensary, Georgetown, British Guiana. 
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In the circumstances in which this work was conducted it was not pos- 
sible to give the usual second test of 0.1 cc. of a 1 to 100 solution to nega- 
tive reactors. Therefore, the tests here recorded were not complete 
tests. 

The proportion of reactors missed due to this omission can only be con- 
jectured. 

It is observed that in the work of Boyd (3), who examined 1,143 
school children of various races entering primary school in Vancouver, 
61 positive reactions were obtained with a 1 in 1,000 dilution of Old 
Tuberculin. When 1,078 of the negative reactors were subsequently 
tested with a 1 in 100 dilution, 166 additional reactors were obtained. 
Among the latter, 5 cases of pulmonary tuberculosis were discovered by 
X-ray examination. That is, by using a second test the percentage of 
reactions increased from 5.3 per cent to approximately 28.7 per cent, and 
the cases of tuberculosis discovered from 10.6 per cent to 13.2 per cent 
of the total X-rayed. 

Wells and Smith (4) in their Jamaica survey gave tuberculin tests to 
5,554 persons of African and mixed races in Kingston, using 0.01 mg. of 
Old Tuberculin as their first dose. By giving a second test of 1 mg. to 
negative reactors the percentage of positive reactions increased from 
68.8 to 81.8. 

Flahiff (5), continuing the work of Wells and Smith in the other towns 
and in the rural areas of Jamaica and adopting the same methods as the 
former workers, obtained an increase of positive reactions averaging from 
3 per cent to 26 per cent in the various age groups. 

Furthermore, in the tests here recorded it has been observed that a 
number of patients who were negative to the first dose of tuberculin were 
clinically and radiologically cases of manifest tuberculosis, some of them 
being sputum-positive. Of the persons who received skin tests, 94 cases 
of pulmonary tuberculosis were discovered clinically and by X-ray. Of 
these, 71 were tuberculin-positive, 23 being negative. When possible 
the negative reactors have been retested with 0.1 cc. of a 1 to 100 dilution 
of Old Tuberculin. With two exceptions they reacted positively. 
Oekonomopoulos (6) found X-ray evidence of calcified tracheobronchial 
and bronchopulmonary glands in 8 of 13 tuberculin-negative reactors. 
Lumdsen, Dearing and Braun (7) obtained very discrepant results in 
tuberculin tests using both Old Tuberculin and Purified Protein Deriva- 
tive in school children in Alabama and often failed to obtain positive 
reactions in cases of manifest tuberculosis. On the other hand, Appel 
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and others (8) obtained a positive tuberculin reaction in every patient 
in the Detroit Municipal Tuberculosis Sanatorium in whom a definite 
diagnosis of tuberculosis was made. They further stated that no indi- 
vidual who reacted positively became negative during the observation. 
In some cases the sensitiveness decreased but it did not disappear. 

In this work opportunity was taken recently to test the patients in the 
tuberculosis wards of the Public Hospital, Georgetown, and of the Best 
Tuberculosis Hospital; 52 patients received complete tests, 30 of whom 
were positive to 1 to 1,000 Old Tuberculin. When the 22 negative reac- 
tors were subsequently tested with 0.1 cc. of 1 to 100 Old Tuberculin, 
18 reacted positively, 4 remaining negative. 

Parish (9) quoting various authorities has summarized the conditions 
in which a negative tuberculin test may be obtained in the presence of 
tuberculosis. 

The opportunity was also taken during a stage of this study to test 
simultaneously with Old Tuberculin and Purified Protein Derivative, the 
latter being given in the first strength dose. Both injections were given 
on the front of the left forearm about three inches apart, the Old Tuber- 
culin on the radial side and nearer to the elbow joint. The great majority 
of these tests were given in the schools. Of the persons who received 
these tests, 611 were subsequently inspected with results as follows:— 


OT+ PPD+ OT— PPD— OT+ PPD— OT— PPD+ 
158 350 92 11 


That is, the results showed a correspondence of 83.1 per cent and a larger 
number of positives was obtained with Old Tuberculin than with Purified 
Protein Derivative. The degree of reaction was also slightly more intense 
with the former preparation. 

Dearing (10) quotes the findings at Hagerstown, Maryland, that Old 
Tuberculin gave definitely higher rates among school children than 
Purified Protein Derivative, but in the adult population the differences 
were small. Doig, Gemmell, Kayne et a/. (11) found that the reactions 
obtained with PPD were very similar in character to the response to 
Old Tuberculin. Seibert and Du Four (12) isolated from a sample of 
Old Tuberculin on the market in addition to the Purified Protein Deriva- 
tive two other fractions which gave nonspecific reactions. They have 
suggested that sensitization to these substances might lead to false 
positive results and have shown that these enhance the action of the 
specific substance. 
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In this study simultaneous tests with Patch and Old Tuberculin 1 to 
1,000 have been given with a view to the substitution of Patch tests in 
infants and children. These have yet been tried in very few cases. The 
findings have thus far shown a 100 per cent correspondence in the two 
preparations and are in accordance with the experiences of Count (13) 
and Vollmer and Goldberger (14). 

Results obtained with Old Tuberculin are the ones considered. below. 

During the period under review, 3,130 persons have been skin tested. 
The following analysis is of 2,620 of this number, as 364 persons failed to 
report for inspection and 146 persons suffering from clinical tuberculosis 
have been excluded; 41.3 per cent of the number being analyzed were 
positive. 

Sex: No significant difference was observed in the reaction in the sexes 
of the combined races or of individual races with the exception of the 
Europeans further referred to below. 

Age: An increasing percentage of positives was obtained with increas- 
ing age up to the age group thirty to thirty-nine (66.1 per cent). Thence- 
forth the percentage slightly declined. 

Intensity of reaction: There were comparatively few reactions of three- 
plus and only 5 of four-plus. The mode was two-plus which constituted 
approximately 50 per cent of the positives obtained. No marked dif- 
ference in this respect was observed in any of the races, age groups or 
occupational groups studied, nor in the cases with history of contact 
as compared with those with no such history. 

Contact of notified cases: Conspicuous differences were observed in these 
as compared with the results in persons with no history of contact. The 
percentage of positives was higher in all age groups of both sexes and in 
allraces. The percentages of the positive reactors of the totals examined 
were as follows: Contacts 51 per cent of 794 examined, persons with no 
history of contact 35.7 per cent of 1,826 examined. These differences 
are significant X? = 76.66, P being much less than .001. 

Nurses: The number of nurses tested is too small to permit of any valid 
comparison with other groups. The average length of service of the age 
group nineteen and under was five and a half months. The percentage 
of positives obtained in this age group was identical with that obtained 
in the corresponding age group in persons with no history of contact. 
The average length of service of all negative reactors was two years, while 
that of all positive reactors was four and ten twelfths years. Most of 
the negatives had less than one year’s service; most of the positives more 
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than two. In the age groups above nineteen years the percentage of 
positive reactions obtained was higher than that obtained in similar 
age groups in all persons. These findings indicate, as shown by Boynton 
(15) and Edwards (16), that nurses as a group are more highly tubercu- 
lized than similar age groups of the general population and that they be- 
came tuberculized during service. 

Schools: The pupils examined, with the exception of European boys, 
gave a lower percentage of positives than similar age groups of the gen- 
eral population. 

Race: The race composition of the population of Georgetown and 
environs is given in the 1931 census as follows: Africans and Blacks 
29,693, East Indians 6,418, Mixed Races 14,663, Portuguese 5,574, 
Chinese 832, Aboriginese 61, Europeans 2,208. The race distribution of 
the tests given were as follows: Africans 1,222 (45.5 per cent positive), 
East Indians 544 (42.1 per cent positive), mixed races 443 (44.7 per cent 
positive), Portuguese 226 (24.3 per cent positive), Chinese 160 (17.5 
per cent positive), aboriginal Indians 5 (60 per cent positive), Europeans 
20 (60 per cent positive). These results on examination prove to be 
highly significant, X? = 78.964, P being much less than .001. 

Similar results were obtained in the race groups in schools. The 
numbers examined were as follows: Africans 170 (15.9 per cent positive), 
East Indians 169 (30.8 per cent positive), mixed races 97 (21.7 per cent 
positive), Portuguese 107 (11.2 per cent positive), Chinese 129 (10.9 per 
cent positive), Europeans 16 (62.5 per cent positive). 

These differences are highly significant X? = 44.585, P being much less 
than .001. 

The differences obtained in the different age groups of the various races 
are shown in figure 2. 

Owing to the small number of Europeans and Aboriginese examined, 
these have been excluded from figure 2. 

Europeans: The relatively high percentage of positive reactors among 
Europeans is shown in figure 1. The number of this race examined, 
though small, gave very interesting results. When their history was 
enquired into it was revealed that all the negative reactors were born 
either in this Colony or in a neighboring Colony, and had resided in these 
parts all their life with very brief periods of holiday abroad or none at 
all. On the other hand, all the positive reactors were either born in 
England or had had comparatively long residence in England. As the 
Europeans, with 3 exceptions, were students the effect has been to give 
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a relatively high percentage of positives for this race in their respective 
age groups as compared with other races examined in schools. The sex 
difference among Europeans is similarly explained, the locally born 
females preponderated. 

No perceptible relationship has been established between the racial 
incidence of tuberculosis in this Colony and the racial distribution of the 
positive reactions observed in this study. No attempt has been made to 
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classify the findings according to the various wards of the City and its 
environs. With the exception of contacts, the dispensary patients 
attended of their own accord and were not sought. They belonged 
mostly to the poorer and lower middle class among whom there is fre- 
quent change of residence from ward to ward. The numbers recorded 
were the observations of four years, so that in the circumstances no ac- 
curate allocation to wards can be attempted. The primary schools ex- 
amined were all situated in the same area, namely, to the south-west of 
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the City, and drew their pupils chiefly from that area. The pupils be- 
longed chiefly to the middle and poorer classes. The pupils of the 
secondary schools belonged to the more affluent classes and were drawn 
from all parts of the City. 

There was no significant difference between the findings in primary and 
secondary schools. 


SUMMARY 


1. Tuberculin tests given over a period of four years are recorded. 
The tests were not complete, only first doses being given. 

2. Results obtained with Old Tuberculin and Purified Protein Deriva- 
tive are compared. 

3. Contacts showed a significantly higher percentage of positives than 
noncontacts, hospital nurses reacted as contacts, while pupils of schools 
showed a lower percentage of positives than similar age groups in the 
general population. 

4. Significant differences obtained in the various race groups are dis- 
cussed. 

5. The study did not permit of a comparison of social or economic 
levels of the population. 


SUMARIO 


1. Anétase aqui el resultado de las reacciones a la tuberculina reali- 
zadas durante un periodo de cuatro afios. Las pruebas no fueron com- 
pletas, pues sdlo se administraron las primeras dosis. 

2. Comparanse los resultados obtenidos con la Tuberculina Antigua 
y con P.P.D. (Derivado de Proteina Purificado). 

3. Los contactos revelaron un porcentaje decididamente mayor de 
positivas que los demas sujetos; las enfermeras de los hospitales reac- 
cionaron como si fueran contactos, mientras que los alumnos de las 
escuelas revelaron un porcentaje menor de positivas que los grupos de 
edades semejantes en la poblacién general. 

4. Analizanse aqui las diferencias significativas observadas en los 
varios grupos étnicos. 

5. Este estudio no permitiéd comparar los niveles sociales y econémicos 
de la poblacién comprobada. 

I am grateful to the Director of Medical Services for his permission to publish this paper. 


I wish to thank the Health Visitors of the Tuberculosis Society for the assistance given me in 
performing the tests, and the Principals and Staffs of the schools concerned and the Superin- 
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tendent of Nurses of the Public Hospital for their cojperation. My thanks are also due to the 
clerical staff of the Health Office for their assistance in many ways. I am especially indebted 
to Mr. H. D. Huggins, M.Sc. (Cornell), for valuable suggestions and for checking the statistical 
examination. 
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THE TEMPERATURE CURVE IN INTESTINAL TUBERCU- 
LOSIS COMPLICATING CHRONIC PULMONARY 
TUBERCULOSIS! 


E. ROSENCRANTZ anp ANGELA M. PISCITELLI 


The observation of a definite type of temperature occurring in pa- 
tients with intestinal involvement during the course of chronic pul- 
monary tuberculosis gave rise to a systematic study of a comparison 
of the clinical and pathological findings in these cases. This study is 
based solely upon the temperature curve when associated with intestinal 
tuberculosis. To the best of our knowledge no distinctive type of fever 
has as yet been described with intestinal complications. 

One of us (E. R.), during many years in a large tuberculosis hospital, 
noted that the temperature curve in patients with intestinal complica- 
tion often had a very definite characteristic. Frequently, in comparing 
the findings at autopsy with this fever curve, the latter was distinctive 
enough to enable one to diagnose intestinal ulcers even in the absence 
of symptoms and signs. Because of this suggestive fact, it seemed to 
to us of sufficient importance to make a comparative study of the tem- 
perature curve with the postmortem findings. 

We have scanned the literature carefully to find whether a fever curve 
characteristic of intestinal tuberculosis might have been described in 
the past. Standard textbooks on tuberculosis, old and modern, mono- 
graphs, sections in the various systems of medicine, old treatises (one 
as early as 1726) gave us no information other than that with intestinal 
involvement the temperature may be normal or elevated, that it runs 
no regular course and may vary from day today. As for current articles 
on the subject, we are not including any references, for search through 
the literature from 1920 through 1940 revealed nothing new. 


MATERIAL 


In this study we reviewed all of the autopsies performed in the San 
Francisco Hospital in the University of California Tuberculosis Service 


1From the Department of Medicine, University of California Medical School, and the 
University of California Tuberculosis Service of the San Francisco Hospital, and the Depart- 
ment of Public Health, San Francisco, California. 


704 


FEVER IN INTESTINAL TUBERCULOSIS 705 


from 1920 to July, 1937; during this period there were 646. In this 
investigation we chose for analysis only those patients who had chronic 
pulmonary tuberculosis and intestinal ulcers, with or without other com- 
plications, and who had been in the hospital more than a week; we were 
thus compelled to eliminate many—even with the curve characteristic— 
because of the short period of observation. Therefore, the number of 
autopsies available for study was reduced to 302. 

Age: The age of the patients ranged from ten to seventy-five years 
as shown below: 


0-10 11-20 21-30 31-40 41-50 51-60 over 60 


5 90 52 17 

Sex: There were 237 males and 65 females. This does not necessarily 
mean that intestinal complications tend to be more prevalent in the male 
than in the female patients, but in our service the former numbered 
about three times those of the latter and the consent for autopsy was 
often more difficult to obtain in women patients than in men. 

Tubercle bacilli: Since the mode of infection of the intestinal tract in 
these patients is usually from swallowed sputum, it would be expected 
that the sputum examinations would be positive for tubercle bacilli. 
In this series 285 (94 per cent) were positive, 10 (3.3 per cent) were 
negative and 7 (2.3 per cent) had no sputum. We cannot account for 
the negative sputum in these advanced cases. The sputum of every 
patient in the service was examined by the interne and also by the 
Department of Public Health. 

If the sputum was found to be negative, it was repeatedly examined; 
very often those patients with no sputum were too ill to expectorate. 
Whenever the diagnosis of intestinal tuberculosis was made from the 
temperature curve, and examination of the stool was made tubercle 
bacilli were usually found. This, as is well known, may occur with or 
without intestinal involvement. 

The majority of the patients were in the far advanced stage of the 
disease, 285, or 94 per cent; in the moderately advanced stage there 
were 17, or 5.6 per cent. 

Symptoms: As for symptoms which have been described as diagnostic 
of intestinal tuberculosis, they are too familiar to discuss here. We 
wish to mention, however, that the majority of these patients had symp- 
toms ranging from vague dyspepsia to the severe diarrhoea so indicative 
of progressive intestinal involvement. 
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Complications: Complications found other than intestinal have been 
classified according to the various systems, and are here presented: 


Respiratory Locomotor System 
Upper 
Turbinate 
Humerous 
Sacroilliac 


Effusion 
Spontaneous pneumothorax. ...... Reproductive System 
Pyopneumothorax................ Uterus 
Digestive System Epididymis............ 
Buccal cavity Seminal vesicles 
Testicles 
Prostate 


Lip Ulcer 
Abdominal cavity 


Perforated ulcer.................. Adrenals 
Fistula in ano Lymphatic System 


Ischiorectal abscess............... Central Nervous System 
Faecal fistula Tuberculoma in brain 


Endocrine System 


TEMPERATURE CURVE 


The temperature curve that we have observed during the course of 
chronic pulmonary tuberculosis that makes it possible to diagnose the 
presence of intestinal involvement is of the intermittent type. Pyrexia 
increases in the afternoon: the temperature gradually rises; the evening 
minimum is 100°F. and the usual evening maximum is 102.5°F.; rarely 
it may reach 103°F. The fever declines toward morning, falling to 
normal or subnormal. It is a well known fact that this “hectic type 
of temperature in pulmonary tuberculosis is a measure of the activity 
of the morbid process.”” Chart 1 shows graphically what we consider 
is the characteristic curve. 

To be sure, an evening rise is also characteristic of uncomplicated 
pulmonary tuberculosis, but in this condition the evening peak is usually 
lower; it may be high occasionally but it does not have the steady daily 
range encountered in intestinal complication. 

There are variations to the curve depending upon the coexisting patho- 
logical processes. In the presence of other complications such as pyo- 
pneumothorax, empyema, genito-urinary involvement and also in septic 
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conditions we have an evening rise, but here the peak is very high reach- 
ing 104°F. or 105°F. and also is subnormal or normal in the morning. 
There is a great similarity in the appearance of the curves under these 
conditions with that described as the intestinal type. The outstanding 


Cuart I. Temperature characteristic of intestinal tuberculosis. Mary C. Date of 
entrance: 8-3-28. 


II. Temperature characteristic few daysatatime. Edward D. Date of entrance: 
8-27-29. 


difference, however, is the height of the evening rise in the former. With 
intestinal complication alone, the evening rise is lower and constant. 
This is the distinguishing feature. Therefore the two curves should not 
be confused. 

The temperature curves in our 302 patients with intestinal ulcers 
fall into four groups: 
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1: The temperature is characteristic as described abdve: 110 patients, or 

36 per cent. 

2: The temperature is characteristic for only a few days at a time: 79, or 

26 per cent (see chart 2). 

3: The temperature is masked by other existing tuberculous conditions: 97, 

or 32 per cent. This applies especially to the terminal subacute disseminated, 

acute disseminated lesions and to caseous pneumonia. The very large number 
in this group is not surprising because of the fact that these lesions- manifest 
themselves by high temperature. 

(a) Subacute disseminated tuberculosis: the high curve in this condition itself 
is so remarkably characteristic of the pathological process that we deem 
it important enough to publish the findings subsequently. 

(b) Acute disseminated tuberculosis: this occurs in the course of an old chronic 
pulmonary tuberculosis, especially following haemorrhage. The temper- 
ature here is excessively high resembling that of miliary tuberculosis. The 
postmortem findings are also similar, but clinically the picture is not one 
of miliary tuberculosis. 

(c) Caseous pneumonia: these patients are very ill with an irregular high 
fever and, clinically, they do not have caseous pneumonia; at autopsy, 
however, there are large patches of caseous pneumonia in one or more 
lobes, superimposed on the old chronic process. 

4: The temperature is neither characteristic nor masked: 16, or 5 per cent. 

We have no explanation for this. 


SUMMARY AND DISCUSSION 


We have observed a temperature curve in the course of chronic pul- 
monary tuberculosis which we feel indicates intestinal involvement. 
The characteristic of this temperature curve is an evening rise from 100°F. 
to 102.5°F. with a fall to normal or subnormal in the morning. Addi- 
tional complications as well as the terminal lesions of subacute dissemi- 
nated, acute disseminated tuberculosis and caseous pneumonia mask 
this characteristic curve. We believe from our experience that intestinal 
ulcers in the course of chronic ulcerative tuberculosis can be diagnosed 
by this fever curve alone. It is far more suggestive of intestinal complic- 
cation in our opinion than any other early symptom or sign. Since 
demonstrating this curve, the diagnosis of this complication has been 
made repeatedly throughout the years by members of the house staff 
and it was obvious even to our medical students, and was further con- 
firmed at autopsy. 

We wish to emphasize that this curve applies only to chronic pul- 
monary tuberculosis with the complication of intestinal ulcers. 
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DISCUSION Y SUMARIO 


En la evolucién de la tuberculosis pulmonar crénica han observado los 
autores un tipo de curva térmica que a su entender indica invasién 
intestinal. La caracteristica de esta curva es su elevacién vespertina de 
37.8°C. a 39.2°C., con baja a lo normal o subnormal por la mafana. 
Enmascaran esta curva caracteristica otras complicaciones asi como las 
lesiones terminales de una granulia aguda o subaguda, o de una neumonfa 
caseosa. A juzgar por la experiencia de los autores, cabe diagnosticar 
exclusivamente por medio de esta curva térmica la existencia de las 
ilceras intestinales que sobrevienen en la evolucién de una tuberculosis 
ulcerada crénica, siendo aparentemente mAs indicativa de complicaciones 
intestinales que ningtin otro sintoma o signo temprano. Desde que se 
observ6 esta curva, los miembros del claustro médico de la institucién 
han hecho repetidamente, durante varios afios, el diagndéstico de dicha 
complicaci6n, siendo ademas manifiesta hasta para los estudiantes, y 
confirmandose después en la autopsia. 

Recalcan los autores que esta curva reza exclusivamente con la tuber- 
culosis pulmonar crénica complicada con tlceras intestinales. 


THE MEDLAR INDEX IN PULMONARY TUBERCULOSIS! 
W. STUART STANBURY anp M. VIOLA RAE 


With the assistance of Roger M. Hall, Eleanor McPherson and Rachel Wales 


In a series of publications (1, 2, 3, 4, 5, 6) Medlar has brought forth 
evidence to show that a leucocytic index can be used as an indication of 
the pathological state of the tissues in tuberculosis. The index is calcu- 
lated from the neutrophil-lymphocyte ratio modified by factors for the 
total leucocyte count and for the percentage of monocytes. This is 
speedily accomplished by a rotary slide rule devised by Crawford. The 
index is interpreted as favorable, unfavorable or very unfavorable, refer- 
ring to the pathological state and not to prognosis. Medlar’s conclu- 
sions are based on an enormous number of indices on a relatively small 
number of tuberculous individuals. To study the problem from a dif- 
ferent angle, it was decided to do a small number of indices on a fairly 
large group of tuberculous patients. 

This study was started in August, 1935 and terminated in April, 1940. 
Each patient, soon after admission, had three or more total white blood 
and differential counts done at intervals of at least a week. On the 
copies which were retained in the laboratory were recorded the Medlar 
indices and these remained concealed until the termination of the five- 
year period. For our purpose only three groups were used, any index 
up to 26 being placed in the favorable group, 27 to 34 unfavorable and 
above 35 very unfavorable. 

During the study, 1,813 patients were admitted to the Sanatorium. 
Of these, many were excluded from our series for various reasons. There 
remained finally a selected group of 1,041 cases of pulmonary tubercu- 
losis, having discarded all nontuberculous cases and those with any com- 
plication other than pleural effusion. They were then grouped according 
to their clinical appraisal on admission into minimal, moderately ad- 
vanced and far advanced cases. With these data the whole group was 
analyzed and the significant findings are presented in table 1. 

Of 1,401 cases, 238 had clinically minimal lesions and on these a total 


1 From the Mountain Sanatorium, Hamilton, Ontario, Canada. 
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of 714 leucocytic indices were done. By far the largest number of indices 
fall in the favorable group, namely, 61 per cent of the total. A smaller 
number, 22 per cent, lie in the unfavorable group, and still less, 17 per 
cent, in the very unfavorable group. The far advanced cases numbered 
699 and had a total of 2,167 indices calculated. This group, in contrast, 
shows the greatest volume, 62 per cent, to lie in the very unfavorable 
group. ‘The two other groups contain smaller but almost equal numbers, 
19 per cent favorable and 19 per cent unfavorable. In the mid-group 
with moderately advanced lesions, the variation is not as significant. Of 
the 1,444 indices, 38 per cent fall in the favorable group, 25 per cent in 
the unfavorable group and 37 per cent in the very unfavorable group. 
The preponderance of favorable indices in clinically minimal cases is 


TABLE 1 
Distribution of index according to extent of disease 


! 


NUMBER OF 
CASES 


TOTAL NUMBER 
OF INDICES 


FAVORABLE 


UNFAVORABLE 


VERY 


UNFAVORABLE 


1,401 


4,325 


1-26 


27-34 


| 
| 
| 
| 


35-100 


Minimal 


238 


714 


433 
61% 


160 
22% 


121 
17% 


Moderately advanced| 


1,444 


547 
38% 


359 
25% 


538 
37% 


Far advanced 


2,167 


420 
19% 


406 
19% 


1,341 
62% 


significant. Also the finding of very unfavorable indices in far advanced 
cases attracts our attention. 

The significance of this analysis becomes apparent when we recall the 
pathological process underlying the clinical state. The ideal in a tuber- 
culous lesion is a healing state in which are involved fibrous tissue and 
lymphocytes. The demand for lymphocytes is reflected by the number 
of lymphocytes in the circulating blood and leads to a low or favorable 
Medlar index. On the other hand, an actively progressing lesion calls 
forth large numbers of neutrophils with usually an increased total 
white blood count, which factors lead to a high or very unfavorable 
Medlar index. Therefore, in the absence of complications, it seems 
reasonable to use the index as presumptive evidence of the tissue changes 
in the lesion. The index does not indicate the extent of the lesion but 
merely the tissue reaction. 


— 

— 
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To consider the minimal cases from another angle, we find that 78 per 
cent showed a leucocytic index above the average normal of 15. This 
group of minimal cases had clinical and roentgenological evidence of 
disease on arriving at the Sanatorium and the blood picture of the 
majority (78 per cent) was indicative of active tissue pathology. It is 
not necessary to suggest that many of these cases would have shown 
incriminating X-ray shadows before clinical signs or symptoms were 
detectable. But we would suggest that many of them would have given 
also a leucocytic index indicative of some disease process, while still 
in the subclinical phase. The index is of no value in arriving at a spe- 
cific diagnosis, but when properly interpreted in comparison with the 
normal, it may be indicative of an active pathological process. 


TABLE 2 
Progress of 1,401 cases according to extent of disease and pathological group 


FAVORABLE UNFAVORABLE VERY UNFAVORABLE 


Number of 
dead 


Worse or 


| Improved 
| Improved 
| Improved 


Minimal 
Moderately advanced. 214 
Far advanced........ 142 


26 
119 
132 213 


wn 
or 


15 601/450 63 277 232 
8%|2% 75% 11% 45% 38% 


Our next step was to subdivide the favorable, unfavorable and very 
unfavorable groups according to the status of the patient on discharge 
from the hospital. For patients still in the hospital their status was 
taken as that six months after the termination of the survey. It is recog- 
nized that a follow-up of only six months is wholly inadequate in tuber- 
culosis. For our purpose at this time, however, that interval is taken to 
indicate the clinical trend of the disease. Table 2 illustrates the findings. 

Consider the favorable group first. Of a total of 190 cases, 90 per cent 
improved, and only 2 per cent died. The unfavorable group, a much 
larger group of 601 cases, also showed improvement in a large proportion 
of cases, but it must be noted that the number of dead has risen to 11 
per cent. This change is evident regardless of whether the lesion was 
minimal or far advanced. The third group is even more revealing. Of 
610 cases, 38 per cent died, and a total of 55 per cent failed to improve. 


ome | 33 
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8 | 32 
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Scrutiny from another angle leads us to divide the group according to 
their progress into (1) improved, (2) unimproved and (3) worse or dead. 
Thus, taking the end-result as far as we could trace it, we then looked 
back to discover what type of index was found on admission. This is 
shown in table 3. 

The great proportion of patients improve regardless of the extent of 
their lesion. Of the 1,401 cases in the series, 899 improved. The pro- 
portion of cases in each index group is probably not significant. How- 
ever, of the 204 cases which remained stationary, all but 7 per cent were 
in the unfavorable and very unfavorable group. And of the 298 which 
died only 1 per cent had a favorable index on admission. 


TABLE 3 
Analysis of status on discharge with regard to index on admission 


IMPROVED UNIMPROVED DEAD 


899 204 298 
100% 100% 100% 


Favorable 172 15 3 
19% 7% 1% 


Unfavorable 451 87 62 
50% 43% 21% 


Very unfavorable 279 101 231 
31% 50% 78% 


The question arises as to the prognostic value of the index. Medlar 
asserts repeatedly that it is of no significance in prognosis, that one 
count is only an indication of the pathological state at the time, and 
that serial counts over a considerable period are necessary to indicate 
the trend or progress of the disease. While only three indices were 
calculated in the majority of our cases, there is evidence in this table to 
show that, in selected and uncomplicated cases, those which had a 
favorable index on admission showed a distinctly lower mortality rate. 
Therefore, it does seem reasonable to form an impression of what the 
patient’s progress might be, in the absence of complications. A more 
valuable procedure would be to inspect the index at intervals during 
treatment, thus detecting lack of response to treatment or the onset of 
further spread of some complicating reaction. 

Medlar and others advocate the use of the index in prescribing treat- 
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ment. If the blood picture does not improve within a reasonable time 
on the treatment instituted, other measures should be adopted. We have 
no serial counts during treatment in our series, but it might be of interest 
to ascertain the admission indices of cases which later required a tho- 
racoplasty. 

During the period of survey, 85 cases of thoracoplasty were encoun- 
tered. The range of the Medlar index on these cases is illustrated in 
table 4. 

Of the 85 cases, almost one-half (40) indicated a very unfavorable 
pathological state on admission. The next largest group fell in the 
unfavorable index group and only 17 could have been considered favor- 
able. Of 12 cases which died, 10 would have been classified as very 
unfavorable. Of these 10 cases only 2 were considered fair surgical 
risks, the remainder being poor risks clinically. The interval between 


TABLE 4 
Medlar index in 85 thoracoplasty cases 


INDEX NUMBER IMPROVED | UNIMPROVED 


Favorable 17 2 
Unfavorable 28 
Very unfavorable... . 40 2 


85 7 


the index reading and the thoracoplasty varied from several months to 
several years. A series of indices performed before operation should 
indicate whether the inflammatory reaction is stabilized or whether it is 
becoming less favorable. In the latter case, the outlook for a successful 
surgical result would be less promising. 


SUMMARY AND CONCLUSION 


1. A selected group of 1,401 cases of uncomplicated pulmonary tuber- 
culosis was analyzed. The analysis correlates the Medlar index on 
admission with the clinical activity at that time and subsequently. 

2. The Medlar index was found to correspond to the appraisal of the 
clinical state in the majority of cases. Minimal cases tended to show a 
favorable Medlar index; far advanced cases predominate in the very 
unfavorable group. 

3. Those with a favorable index*on admission showed a greater tend- 
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ency to improve, regardless of the extent of disease. Also those in the 
very unfavorable group resulted in a higher rate of mortality. 

4. Medlar index should be a useful adjunct in the subclinical stage of 
disease as the majority of minimal cases had an index above the normal 
by the time clinical signs were evident. 

5. Prognostic value is questionable, but at least an impression may be 
gained from the fact that a favorable index resulted in distinctly lower 
mortality rate. 

6. In the group were 85 cases of thoracoplasty. Of these, 68 were in 
the unfavorable and very unfavorable groups. Ten of the 12 fatalities 
were in the very unfavorable group. 


SUMARIO Y CONCLUSIONES 


1. Eneste andlisis de un grupo seleccionado de 1,401 casos de tuberculo- 
sis pulmonar simple correlaciénase el indice de Medlar al ingreso con la 
actividad clinica entonces y después. 

2. En la mayoria de los casos el indice de Medlar armonizé con la 
justipreciacién del estado clinico. Los casos minimos suelen revelar un 
indice de Medlar favorable; en los mas avanzados predomina un indice 
muy desfavorable. 

3. Los casos con un indice favorable a su ingreso revelaron mayor 
tendencia a la mejoria, independiente de la extensién del mal. Ademas, 
los del grupo muy desfavorable acusaron una mortalidad mayor. 

4. El indice de Medlar debe constituir un auxiliar Gtil en el periodo 
subclinico de la enfermedad, pues la mayoria de los casos minimos 
acusaron un indice sobrenormal para la fecha en que ya habia manifiestos 
sintomas clinicos. 

5. El valor pronéstico es dudoso, pero por lo menos se formé6 la impre- 
sidn de que un indice favorable va acompafiado de una mortalidad 
mucho menor. 

6. En el grupo figuraban 85 casos de toracoplastia. De ellos, 68 
pertenecian a los grupos desfavorable y muy desfavorable. Diez de las 
12 muertes correspondieron al grupo muy desfavorable. 
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TUBERCULOSIS OF RIBS! 
JOSEPH D. WASSERSUG 


Tuberculous involvement of ribs is not rare. Isolated case reports 
have appeared frequently in the literature (1, 2, 3, 6, 8, 9) and a total of 
more than 50 cases have already been reported. At the Lakeville State 
Sanatorium, of 1,134 cases of bone and joint tuberculosis admitted in 
the fifteen-year period 1926-1940, a diagnosis of tuberculosis of the ribs 
was made 13 times, an incidence of 1.14 per cent. These 13 cases could 
be divided into three groups as follows and are summarized in the ac- 
companying table. 


Group A: Five cases, adequately followed, in which the diagnosis was con- 
firmed pathologically. 

Group B: Four cases, inadequately followed or too recent, in which the diag- 
nosis was confirmed pathologically. 

Group C: Four cases in which the diagnosis was not confirmed pathologically. 


Tuberculosis of the ribs usually occurs in young adults. Males are 
affected three to five times more commonly than females. Any rib may 
be involved and lesions occur slightly more frequently on the right side 
than on the left. Usually a single rib is involved but lesions may be 
multiple. 

The diagnosis of rib tuberculosis is often difficult. The onset is usually 
insidious and without apparent cause. Symptoms are few at first. 
Usually the patient complains of a swelling on his chest wall but pain 
(even radiating down an arm) may be the earliest symptom. Since any 
rib may be involved the location of the pain or mass is of no particular 
significance. Very early in the course of the disease the swelling may be 
fusiform and parallel to the rib but later it may enlarge to the size of an 
orange or even a grapefruit. The presence of a tender point over the 
involved rib is not a constant finding, but if present, aids in the diagnosis. 
Bryan (3) noted a narrow bony ridge running across the diseased rib 
but this finding could not be confirmed. One or more sinuses develop 
in practically every case and although the presence of a sinus tract is 


1 From Lakeville State Sanatorium, Middleboro, Massachusetts. 
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RCULOSIS 


TUBE 


INITIALS 


Mass 


Pain 


Mass 


Sinus 


Mass 


Mass 


Mass 


Mass 


Mass 


Mass 


Mass 


DRAINAGI 


light 


Profuse 


Slight 


Slight 


Slight 


Slight 


Slight 


Moderate 


Profuse 


Slight 


None 


Moderate 


TABLE 1 
Analysis of cases 


ASSOCIATED 
TUBERCULOSIS 


Chest wall 


Lymph 
nodes, 
spine, 
lungs 


None 

None 

Lymph 
nodes 


Chest wall, 
lungs 


yone 
Spine 
Knee, elbow, 


genitals 


Ulna, knee, 


hilum 


Lymph 
nodes 


Lymph 
nodes 


Ilium, lungs 


OPERATIONS 


Incision and drain- 
age, aspiration, 
resections 


None 


Resection 


Excision, aspira- 
tion, incision and 
drainage 

Resection 


Aspiration, inci- 
sion and drain- 
age 

Incision and drain- 


age 


Aspiration 
Aspiration 
Resection 


Aspiration, inci- 
sion and drain- 
age, resections 

Incision and drain- 


Aspiration, inci 
sion and drain 


age 


OMMENT 


Followed 3,2; years since leaving Sanatorium. Is 
working. Has no sinus, swelling or pain now. 
(See figure 1.) 

Died 15 months after admission. Diagnosis con- 
firmed by autopsy. (See figure 2) 


Does own housework. No pain, swelling or 
sinus 

Followed 7, years since leaving Sanatorium. 
Works. General health good. Rib apparently 
healed. 

Followed 5,*s years since leaving Sanatorium. No 
pain, drainage or swelling. Works 

Hospital stay 9/28-8/29. Unable to be followed 
since. Had slight drainage at discharge from 
Sanatorium 

Hospital stay 3/40-4/40. Left against advice 
and has not been followed. Sinus was healed 
on discharge 

Died 6 months after admission. No autopsy. 
Patient also had syphilis and received anti- 
luetic treatment 

Admitted 4/40. Still hospitalized. Rib at pres- 
ent issymptomless 

Died of appendicitis 7 years after discharge from 
Sanatorium. At time of death had 3 small 
sinuses y 

Hinton positive. Rib lesion responded favorably 
to antiluetic treatment 


Followed 33 years since leaving Sanatorium. 


General health excellent. No complaints ref- 
erable to rib 

Staph. aureus on repeated cultures. Has been 
Sanatorium patient past 3 years General 
health good 
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helpful when it leads to a rib, its location on the chest wall may be mis 
leading. Asa general rule, however, the cold abscess and the sinus that 
usually follows direct themselves downward and outward. 

Since there are no pathognomic signs and symptoms, tuberculin tests, 
X-ray examinations, serological tests for syphilis and _ bacteriological! 
studies must usually be done to reach a correct diagnosis. Often special! 


Fic. 1 Fic. 2 
Fic. 1. F. M.S. Ribs right upper chest, November 12, 1935. Note areas of destruction 
and rarefaction. 


Fic. 2. P. G. Ribs and spine, showing extensive rib tuberculosis secondary to massive 


pulmonary tuberculosis. 


X-ray techniques are helpful (13) and the injection of a radio-opaque 


substance may be essential in order to locate the course of asinus. With- 
out these tests, sinuses of the chest wall may persist for many years 
because of failure to locate the true bony focus. Without accurate 
localization of the diseased rib, the results of a biopsy may be erroneous. 

Tuberculosis of the ribs has been mistaken for neuritis (2), breast 
abscess in the male (3), and in the female (9), typhoid and paratyphoid 
chondritis (4), tuberculosis of the greater trochanter and spine (1) and 


. 
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tuberculous adenitis. It may also be confused with chronic nontuber- 
culous osteomyelitis, syphilis, lipoma (F. M. S.), and other tumors of the 
chest wall. Syphilis must be suspected as a cause for rib lesions even in 
a patient with pulmonary tuberculosis. In 2 of our cases (E. A. S. and 
IX. F.) a positive blood Hinton was obtained and in one of these cases 
(E. F.) the rib lesions healed with antiluetic treatment. Pathological 
fracture of a rib may be due to tuberculosis but this is rare (12) and other 
causes should first be suspected. In only one of our cases (J. K.) was 
a fracture found. 

There is practically complete unanimity of opinion that resection is 
the operation of choice. Aspiration is insufficient (5) and should be 
regarded merely as palliative. Mercadé (10) feels that although resec- 
tion is preferable, curettage is of some value. Chaklin (4) on the other 
hand believes that curettage or partial resection is irrational and should 
not be done. Resection is undoubtedly the best form of surgical treat- 
ment and it should be thorough. Miihlfelder (11) states that even the 
perichondrium which has been accidently destroyed at operation should 
be removed. 

Ideal treatment consists of a period of sanatorium care in addition to 
surgery. Hasselbach (7) advises rest and sunshine in the early stages 
followed eventually by rib resection. According to Chaklin (4) con- 
servatism is indicated at first in the presence of any tuberculous abscess. 
At any rate, a patient in any stage of the disease should be brought up to 
his optimum physical condition by diet, rest and sunshine before rib 
resection is undertaken. 

In 4 of the cases in group A, a rib resection was performed. These 
patients were followed for an average of 4.7 years and in no case was 
there any recurrence of rib disease. Three of these patients had had 
other operations performed without any notable success. The following 
case illustrates the ineffectiveness of simple surgical measures as com- 


pared with rib resection. 


FF. M. S., twenty-two year old male, was admitted January 18, 1934, com- 
plaining of a large mass on the front of his right chest of two and one-half 
years’ duration.» This had been aspirated in July, 1931 at another hospital. 
Seven months later swelling recurred and he developed pain. In August, 
1932 he went to a second hospital where “‘lipomatosis of chest wall’ was sus- 
pected but incision and drainage revealed two large abscesses. Abscess re- 
urred in December, 1933 and he entered a third hospital. X-ray examination 


720 JOSEPH D. WASSERSUG 


of the ribs at that time showed no abnormality. Aspiration was again per- 
formed and the pus contained tubercle bacilli. Patient was then transferred 
to Lakeville State Sanatorium. On admission he had a soft, nontender mass 
about the size of a grapefruit on the anterior right side of his chest below the 
clavicle. On January 23, 1934 this mass was aspirated and 250 cc. of pus was 
obtained. After aspiration, marked tenderness over the third and fourth rib 
was noted. Swelling recurred and aspiration was repeated twice in February. 
On March 15, incision and drainage were done. Postoperatively: patient 
developed a sinus which continued to drain for more than two years. On July 
29, 1936 the second and third ribs anteriorly were resected and two weeks 
later a resection was done on the fourth and fifth ribs. There was moderate 
drainage postoperatively but drainage subsided and during 1937 he had an 
average of two or three sinuses that drained slightly. Patient was discharged 
on September 23, 1937 at his own request. 

On June 13, 1939, three small pinpoint sinuses drained about one or two 
drops daily. On November 10, 1940, sinuses were all healed. Patient felt 


well and worked as a machinist. 
SUMMARY AND CONCLUSIONS 


1. In approximately 1 per cent of all bone and joint tuberculosis there 
is involvement of the ribs or costal cartilages. 

2. The diagnosis is usually difficult and must be based on a combina- 
tion of clinical, roentgenological and pathological evidence. 

3. Ideal treatment consists of sanatorium care combined with radical 
rib resection. 

4. Even in proven cases with draining sinuses, end-results are good 


if treatment is adequate. 
SUMARIO Y CONCLUSIONES 


1. En aproximadamente 1 por ciento de todas las tuberculosis éseas y 
articulares existe invasiOn de las costillas o cartilagos costales. 

2. El diagnéstico suele ser dificil y tiene que basarse en una combina- 
cién de los datos clinicos, roentgenolégicos y patolégicos. 

3. El tratamiento ideal consiste en la asistencia en el sanatorio, 
combinada con la reseccién radical de las costillas. 

4. Aun en los casos comprobados y acompanados de fistulas supurantes, 
los resultados terminales son buenos si el tratamiento es adecuado. 
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SINGLE-CANNULA PNEUMONOLYSIS'! 


Further Developments in Instruments and Technique 
J. W. CUTLER 


Simplification of procedure and greater safety in performing the opera- 
tion are outstanding among the advantages of the single-cannula method 
for internal pneumonlysis over the more commonly employed double- 
cannula technique of Jacobaeus. These advantages are due to a greater 
facility in reaching and severing adhesions and to various improvements 
in technique and instruments which will be discussed in some detail. 

The original Jacobaeus technique with certain modifications is still 
practiced by most operators. In this method the thoracoscope is intro- 
duced into the pleural cavity through one cannula and the cautery 
through another cannula at different points in the chest wall. The 
cautery must thus be manipulated at a distance from the point of vision, 
the operator looking through one opening and working through another. 
The complexity of this procedure has made the operation unduly difficult, 
tedious and long and has materially restricted its usefulness. It was, 
therefore, inevitable that further progress in this field of surgery should 
be directed toward the end of combining the electrode and the telescope 
into one instrument which could be introduced through a single cannula 
and controlled under the direct vision of the operator. 


HISTORICAL 


The single-cannula thoracoscope made its appearance about twenty 
years ago in publications by Hervé (1) in France in 1922 and Singer (2) 
in this country in 1924. These men were also among the first to employ 
electrosurgery. Singer described his instrument as a modified baby 
cystoscope. There being relatively little interest in pneumonolysis at 
that time, however, these publications aroused meagre enthusiasm. 
The next descriptions of single-cannula thoracoscopes were published 
by Davidson (3) in 1929 and by Chandler (4) in England in 1930. These 
instruments employed electrosurgery and were identical in many re- 

1 From the Graduate Hospital of the University of Pennsylvania, Philadelphia, Pennsy!] 
vania, and the Wawa Chest Institute, Wawa, Pennsylvania. 
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spects. They were patterned closely after existing cystoscopes for adults, 
differing from the latter principally in that a wire electrode replaced the 
catheter. A relatively thick wire or ball was used for coagulation, fol- 
lowed by a thin wire for cutting. A moveable flange controlled the 
electrodes as in operating cystoscopes. The idea of a cystoscope for 
severing pleural adhesions must have occurred to many, independent of 
published reports. As early as 1928 Roycroft (5) severed pleural ad- 
hesions successfully with the aid of a Wappler cystoscope and a laryngeal 
cautery. Cystoscopic thoracoscopes, however, had inherent disadvan- 
tages and, as a result, limited application. Nevertheless, they blazed 
the trail for further developments and served to stimulate interest in the 
single-cannula technique. Obviously, operative procedures in the 
bladder and severing adhesions in the pleural cavity were not comparable 
and experimentation with the Davidson thoracoscope soon made it 
apparent that a single-cannula thoracoscope should be designed along 
entirely new and different lines. 

Accordingly, in December, 1932 with the codperation of Mr. R. H. 
Wappler, then president of the American Cystoscope Makers of New 
York, I developed an operating forceps thoracoscope which could be 
introduced into the pleural cavity and operated through a single small 
cannula (6). This instrument differs from any existing thoracoscope 
in two important respects. In the first place, it enables the operator to 
grasp the adhesion within the jaws of the forceps and hold it firmly in 
plain view until the adhesion is thoroughly coagulated and severed. In 
the second place, the instrument makes use of concurrent developments 
in the field of electrosurgery by employing a single electrode for the 
simultaneous coagulation, dehydration and cutting of the adhesion. 
The vacuum-tube type of high frequency machine provides the source 
of the current. Vision is through the McCarthy foroblique telescope unit 
adopted for work in an air medium. This instrument simplified the 
technique and an ordinarily difficult procedure became relatively easy 
and safe. 

To this basic instrument were added an operating thoracotome for 
short adhesions, a diagnostic transilluminating telescope to facilitate 
the exploration of the pleural cavity and to transilluminate adhesions, a 
sponge carrier, a ball electrode and carrier for coagulating important 
bleeding points, an aspirator and a needle for intrapleural anaesthesia 
under thoracoscopic guidance (6, 7, 8). 

During the past eight or nine years the operating forceps and other 
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instruments, as well as the technique employed, have been constantly 
improved. The instruments and technique currently employed will b¢ 
described here briefly in the light of recent developments and experiences 
at the operating table. A detailed analysis of results obtained, types of 
adhesions severed and complications encountered will be presented in a 
separate article. 

THE OPERATION 


With this brief introduction, we are now in a position to consider 
details of the various steps of the operation. 

The position of the patient: All instruments are introduced through the 
anterior chest wall between the midclavicular and anterior axillary 
lines and preferably in the second interspace with the patient lying on his 
back in a semi-inclined position, the side to be operated upon tilted 
forward. ‘This position is not only comfortable for both patient and 
operator but, through gravity, helps to drop the apex of the lung during 
operation downward and towards the mediastinum, putting adhesions 
on stretch. From this point of entrance the operator can reach practi- 
cally all operable adhesions (figure 1). In rare cases, after the cannula 
has been introduced, unsuspected adhesions, usually anterior adhesions 
close to the point of entrance, may be encountered in such location as 
to interfere with the maneuverability of the instruments. In such cases 
there should be no hesitancy in withdrawing the cannula and reintro- 
ducing it through a more suitable opening. 

Anaesthetic: If the adhesions are of the relatively simple type, the 


operation is usually performed under local anaesthesia of the chest wall. 


lor more difficult cases, avertin and nitrous-oxide anaesthesia is ideal. 
Needles for anaesthetizing the pleura from within the pleural cavity under 
thoracoscopic vision may be employed, if desired. 

Introduction of the cannula: Several important improvements have 
been made in the original trocar and cannula (figure 2). The style of the 
trocar has been changed to the bayonet type to minimize trauma of the 
chest wall and lessen postoperative emphysema. The knob has been 
redesigned to fit the palm of the hand. The trocar in the present instru- 
ment is locked securely in the cannula by virtue of pins, making it im- 
possible for the trocar to become loose during the procedure of passing 
the trocar and cannula through the chest wall. When no instruments are 
in place, it is possible to close the opening with an especially designed plug, 
thus avoiding unnecessary loss of air from the pleural cavity. The 
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cannula also carries a two-way valve for attachment with the pneumo- 
thorax apparatus with the dual purpose of inflating the pleural cavity with 
air during operation and pushing the lung away from the operating field 
whenever the need arises. In order to accommodate an enlarged oper- 


ating scope it was necessary to increase the outside diameter of the 


Fic. 1. Practically all operable adhesions can be reached through one point of entrance, 


usually the second aiterior interspace. 


cannula from 7 mm. to 9 mm. This enlargement, however, interferes 
in no way with the maneuverability of the instrument through the inter- 
costal space. All instruments described herein are designed to be used 
through this one cannula in accordance with the single puncture principle. 
Before introducing the cannula care must be taken not to injure under- 
lying lung. Assuming that the necessary preliminary X-ray and fluoro- 
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scopic studies have been completed, the most satisfactory method fo: 
determining unsuspected adherent lung or adhesions is to introduce into 
the pleural cavity, at the selected point of entrance, a long, short-beveled 
pneumothorax needle attached to a syringe and to test the freedom of 
the underlying space in all directions. 

When the point selected for the introduction of the cannula has been 
tested as indicated above, a stab wound is made in the chest wall and the 
wound packed tightly with gauze saturated with adrenalin. This pro 
cedure serves a dual purpose of controlling local bleeding and enlarging 
the opening in the chest wall. It is thus possible to introduce the trocar 
and the cannula into the pleural space with much less effort and with 
considerably less risk of injuring lung than would be the case in a sudden 
plunging of the trocar through the chest wall. 


A 


Fic. 2. Improved trocar and cannula. All instruments employed fit interchangeably into 


this one cannula. 


Inspections and transillumination of adhesions: Once the cannula is 
introduced and held in place, the trocar is removed and the diagnostic 
transilluminating telescope substituted (figure 3). This scope utilizes 
the McCarthy foroblique visual system and presents a brilliant, magnified 
image in which the true color values are preserved, picturing in great 
detail the relation of the various adhesions to one another and to the lung 
and chest wall. The direction of vision is forward and at an angle of 
about 55° from the axis of the telescope. By rotating the telescope the 
working area of the visual field can be greatly enlarged. A lamp is 
attached to the telescopic lens by means of an extension 2 cm. in length 
and provides good illumination. To transilluminate the adhesion and 
to inspect it at close range, the lamp is placed beyond the adhesion so 
that it rests on the extension between the lamp and lens (figure 4). A 
small protrusion on the distal end of the extension and in close proximity 
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Fic. 3. (Upper.) Diagnostic transilluminating telescope for the close inspection and 
transillumination of adhesions. 
Fic. 4. (Center.) Minute study and transillumination of adhesions for vascularity and 
‘xtensions of lung tissue. 
Fic. 5. (Lower.) Visual fields available for study of adhesions. 
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to the lamp serves as a sight to assist orientation in the visual field and 
the positioning of the end of the telescope with respect to adjacent tissue. 

If a careful analysis of the problem has been made in advance, the 
adhesions will usually be found lying right at the end of the telescope 
in full view. The operator should study the entire length of the adhesion 
selected for severance and trace it from its origin along the chest wall to 
its attachment to the lung, transilluminating every part of it. Blood 
vessels are easily recognized and their importance determined. Of 
paramount importance, however, is the possibility of lung tissue extending 
into the adhesion. The operator must be alert to this danger. Pul- 
monary tissue will usually appear blue gray, sometimes with black an 
thracotic deposits, while the adhesion is almost pink in color. 

To a large degree at least, the severance of an adhesion is a mechanical 
problem and, in many instances, the ease or difficulty encountered is 
dependent upon the point or method of attack. Since the judgment of 
the operator is influenced by what he sees, often a view from another angle 
may present the most direct solution to the problem. Inspection, there- 
fore, with a right-angle scope and occasionally with a retrograde scope 
will give additional light on a complex problem and help in its solution 
(figure 5). 

Classification of adhesions: Adhesions are usually classified in accord- 
ance with their anatomical appearance: strings, cords and bands; fan- 
shaped, funnel-shaped, cone-shaped and spool-shaped; arachnoid and 
diffuse. From the standpoint of the single-cannula technique described 
here, however, all adhesions, regardless of shape or size, fall into one of 


three groups: 


1: Long adhesions or adhesions with sufficient space between lung and chest 
wall for the safe application of the jaws of the operating forceps. 

2: Short adhesions or adhesions with insufficient space between lung and 
chest wall for the safe application of operating forcep jaws, but sufficiently 
long to be severed safely with the thoracotome. 

3; Inoperable adhesions or adhesions with extensions of lung directly adherent 
to the chest wall. Severance of such adhesions not infrequently result in 
bronchopleural fistula and they are therefore, for the most part, inoperable. 


Use of operating forceps: The operating-forceps thoracoscope has been 
redesigned to accommodate an enlarged foroblique operating scope ol 
approximately the same magnitude as that used for transilluminating 
purposes (figure 6). This has practically doubled the vision and bril 
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liance of light obtained formerly without materially increasing the di- 
ameter of the cannula (from 7 to9 mm.). Naturally, a greater area of 
operating field is brought into view, and this is a decided advantage. But 
in addition, details are revealed with such faithfulness that the operator 
can orient himself with a minimum of difficulty and is able to control 


Fic. 6. (Upper.) Operating forceps. The present model has been redesigned to 


accommodate an enlarged telescope which practically doubles the vision and the brilliance 
of light obtained formerly. 
Fic. 7. (Lower left.) Cord adhesion within grasp of operating forceps. The adhesion 
cannot swing back and forth with each respiratory movement, greatly simplifying technique. 
Fic. 8. (Lower right.) Band adhesion within grasp of operating forceps. The forceps 
can be pushed on from one bite to another until the entire adhesion is severed at its parietal 


attachment. 


every step of the operative procedure under direct vision with the same 
precision and ease as if the pleural cavity were widely exposed by open 
pneumonolysis. 

With the working shaft lengthened to eight inches, the operator is 
now able to reach almost any part of the pleural cavity. The forceps 
jaws have been materially strengthened; they are so constructed that 
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they do not obstruct vision and are elongated to accommodate an in- 
sulated wire electrode. The upper jaw is fixed in position, the lower jaw 
hinged to it and moving inanarc. Animproved, insulated slip-joint holds 
in place the coagulating-cutting electrode which is attached to the for- 
ward end of the upper or stationary jaw. This electrode can be replaced 
at a moment’s notice. A small ball near the outer end of the electrode 
acts as a sight to assist orientation and to enhance accuracy of applica- 
tion. Mechanical failure of the instrument during operation is prac- 
tically unknown. 

As already stated, the forceps-thoracoscope is designed upon the 
principle that coagulation, dehydration and cutting can be carried out 
as a continuous process by means of a high frequency current acting 
through a single-wire electrode of moderate thickness. The proper 
setting of current will cause thorough coagulation before the tissue is 
dry enough to cut. When a certain degree of dehydration has been 
attained, cutting begins automatically.’ 

The instrument is bipolar. One pole of the high frequency current 
connects to the forceps jaws, the other pole to the insulated electrode. 
Thus the forceps jaws form the indifferent electrode and the wire the 
active. When the adhesion is grasped, the current travels from the wire 
electrode along the forceps jaws, thereby confining the electrical activity 
to the area in contact with the one electrode. 

The forceps-thoracoscope has many advantages over instruments 
used in two-cannula technique. Perhaps the most important is greater 
visibility and control. The telescope is positioned so that electrode and 
both jaws remain well within the visual field regardless of any manipula- 
tion of the instrument. For this reason, during the entire act of cutting, 
the light and lens are always focused on the area of operation. Thus, 
there is provided a large, clear, direct visual field which enables the 
operator to observe minutely the effect of the current and distinguish 
between lung structure and adhesion. Furthermore, the forceps instru- 
ment can be fully rotated within the round cannula, so that the electrode 
can be placed in the most advantageous position in relation to the 
adhesion. 

In the second place, the adhesion is always within the firm grasp of 

2 A setting on the high frequency machine of two is usually sufficient for the operating for 
ceps; one and one-half for the thoracotome. The Wappler cold cautery-scalpel machine is a 
satisfactory and economical source of energy. The operator should familiarize himself with 
the effects of the current by experimentation on raw meat. 
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the jaws and cannot swing back and forth with each respiratory excur- 
sion. This is of particular importance in the case of strings and cords 
(figure 7). Again, during the act of cutting the adhesion can often be 
gently pulled forward away from other structures and severed with the 
least risk to adjacent tissue. These features must inevitably make for 
greater safety, simplification of technique and saving of considerable time. 

The forceps has, however, additional advantages, notably in a pre- 
liminary study of adhesions. As mentioned above, once within the 
grasp of the forceps, the adhesion can be pulled gently forward, away 
from other adhesions, large blood vessels and adjacent lung. The rela- 
tionship of the adhesion to these other structures may thus be studied 
carefully and leisurely. Its vascularity and relative thickness can also 
be determined by observing the change in color of the tissue embraced 
by the jaws and the resistance encountered as pressure is applied and 
released. By so doing the operator can assure himself of the safety and 
advisability of surgical severance and can determine the amount of cur- 
rent needed in the most direct and intimate fashion at his disposal. 

The forceps can be used on all adhesions with sufficient space between 
lung and chest wall to permit easy and safe application of the jaws; in 
practice this means adhesions of approximately two or more centimetres 
in length. Neither width nor thickness matters as the forceps may 
be pushed on from one bite to another until an entire band is separated 
(figure 8). The jaws should rest along the chest wall and should be 
tilted in such fashion that the adhesion is severed flush with the chest wall. 
This is possible since the jaws are the indifferent electrode and all elec- 
trical activity is confined to the thickness of the wire. In cutting close 
to the wall the adhesion may be attacked with the active wire electrode, 
the jaws closed or open, whichever is more convenient. 

When the proper current is actually applied, very little steam will be 
generated to cloud the operating field. There will be no smoke and the 
coagulated zone on the adhesion will be confined to the area in contact 
with the wire and will be sufficient to seal off all vessels and yet not 
enough to cause sloughing or secondary bleeding. In the event that 
bleeding does occur, it can be controlled readily by applying the open 
wire electrode or the ball coagulating electrode (figures 9 and 10). The 
latter should always be available. 

The use of the thoracotome: The thoracotome (figure 11) has been de- 
signed expressly for short adhesions, 1.5 cm. or less in length, the type in 
which insufficient space may prohibit the safe application of the jaws of 
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the operating forceps, and for unusually complicated adhesions. Of 


all the pneumonolysis instruments this was the most difficult to develop. 
Three main problems were encountered. 


1: The electrode had to be sufficiently thick to provide the desired degree 
of coagulation to prevent bleeding, yet delicate enough for fine dissection. 
Several different types of electrodes were used in experimenting before the 
present one was finally adopted. 


Fic. 9. (Upper.) Assembled ball coagulating electrode. 
Fic. 10. (Lower.) Ball electrode applied for the control of an important bleeding point. 


2: The tip of the electrode had to be visible under all circumstances and in 
all positions of manipulation. 

3; Flexibility and, at the same time, stability to permit safe and exacting 
placement of the tip of the electrode in difficult and odd positions had to be 
achieved. 


The thoracotome is based upon the same general principle as the 
operating forceps in that coagulation, dehydration and cutting are auto- 
matic processes, once the active electrode comes into contact with the 
adhesion. The electrode is in the form of a blade of moderate thickness 
and can undergo angle variation to 50° with synchronous retraction of 
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the telescope. The entire instrument can be freely rotated in all direc- 
tions within the cannula. Vision is through the same foroblique scope 
used in the forceps and light and lens are always focused on the coagu- 
lating-cutting electrode so that the tip of the blade is always in full view 
and under complete control of the operator. All but the blade of the 


Fic. 11. (Upper.) The thoracotome. The present model has been greatly improved. 
It is an excellent instrument for the severance of short and difficult adhesions. 

Fic. 12. (Lower left.) The severance by the stroking technique of a short adhesion at 
its parietal attachment with the thoracotome. 

Fic. 13. (Lower center.) Enucleation of an adhesion from the chest wall with the blade 


of a thoracotome 
Fic. 14. (Lower right.) Dividing a complicated adhesion into individual strands with 


the thoracotome preliminary to severance. 


electrode is insulated. The above features give the thoracotome unusual 
flexibility and adaptability and make possible the application of the tip 
of the electrode in difficult and close quarters and in various positions 
in relation to the adhesion. It is the ideal instrument for the safe enuclea- 
tion of adhesions at their parietal attachment after the manner of Maurer, 


| procedure more and more appreciated. In fact, with the thoracotome 
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the operator can sever almost any adhesion that is operable (figures 12, 
13 and 14). 

As with the operating forceps, the thoracotome can be useful in a pre 
liminary, detailed study of the adhesion to determine operability and the 
best means of attack. If the blade of the inactive electrode be placed 
underneath the adhesion and the latter gently manipulated and pulled 
forward away from other structures, the adhesion can be studied care- 
fully for extensions of lung substance, for vascularity, for thickness and 
for other characteristics. By rotating the instrument within the cannula 
all parts of the adhesion can be analyzed and the best method of attack 
decided upon. Actual cutting is begun only when the operator is fully 
satisfied that surgical severance is justified. 

Since one is dealing with short adhesions, 1.5 cm. or less in length, 
it is often necessary to enucleate them, if severance is found to be justified. 
This is best accomplished by placing the tip of the blade against the 
parietal wall at an inclined angle and gently stroking the parietal at- 
tachment from above downward toward the operator, as one would with 
a fine pen (figures 12 and 13). Current is passed through the blade only at 
the time of stroking. This technique will result in light coagulation and 
superficial severance so that the adhesion is cut from the chest wall slowly 
and in layers, without bleeding and without endangering lung. Exten- 
sive adhesions can be safely severed in this manner. At times, after 
the stroking effect of the active blade electrode on the adhesion has 
produced a groove of considerable depth, and after blunt dissection (to 
be described below) has accomplished its purpose, the remainder of the 
adhesion can be safely cut through with the operating forceps by placing 
the wire electrode in the groove and applying current, the jaws of the 
forceps embracing the base of the adhesion. When this can be done, 
much time is saved. The interdependence and interchangeability of the 
thoracotome and operating forceps is well illustrated in this type of 
problem. 

At times, complicated adhesions are best attacked by first dividing them 
into a number of small strands. When this technique is indicated, the 
tip of the blade is embedded into a small part of the adhesion and an 
opening burned through for the emergence of the tip of the electrode 
(figure 14). With traction on the adhesion maintained, the separated 
strand is then severed. Thus, strand by strand, a difficult and potentially 
dangerous adhesion can be severed either completely or in part. 

As in all good surgical technique, blunt dissection and cutting should 
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go hand in hand, each procedure supplementing the other for best results. 
Since the blade has unusual stability and strength in all positions of 
angulation and since the tip is always in full view, the thoracotome is 
admirably suited for this purpose. With gentle manipulation of the 
blade-electrode, loose parts of the adhesion, as well as areolar tissue, can 
be carefully teased apart, lung substance pushed away and new areas of 
adhesion exposed for cutting. Not only is the extent of cutting or- 
dinarily required to sever complicated adhesions materially reduced, but 
the actual cutting can be carried out more efficiently and with less risk. 
Gentleness, of course, is essential in blunt dissection in order to avoid the 
possibility of tearing lung structure. 

The current for the thoracotome should be adopted to cut fairly dry 
(bloodless) tissue. The thoracotome, as a rule, requires less current than 
does the forceps. Gentle contact of the blade electrode with the ad- 
hesion is important and sufficient time should be allowed for the current 
to desiccate the area to prevent cutting ahead into uncoagulated tissue. 
The effect of the current can be observed minutely with the telescope. 

Postoperative care: Maintenance of an adequate pneumothorax space 
for the first two or three days following operation is the most important 
feature of postoperative care. Loss of pneumothorax space, resulting 
in reéxpansion of the collapsed lung and firm adherence to the chest wall, 
may occur quickly and unexpectedly. This complication, although not 
immediately endangering life, is serious in that it defeats the purpose of 
the operation. This possibility will not eventuate, however, if the pro- 
cedure, as indicated below, is followed. During the operation every 
effort should be made to guard against loss of air by plugging the opening 
of the cannula when no instruments are in place. At the same time air 
from a Bethune pneumothorax apparatus is continuously introduced 
into the pleural cavity through the stopcock on the cannula. In this 
way the lung is always kept collapsed, the introduced air acting as a 
retractor to keep the lung out of the operating field. At the completion 
of the operation and just before the cannula is withdrawn, sufficient air 
is introduced to record an intrapleural pressure reading on the pneumo- 
thorax manometer of neutral or slightly positive water pressure. The 
wound is closed with silk and a tight dressing applied. An intrapleural 
pressure reading is again taken after twelve hours and air introduced if 
necessary to maintain a neutral pressure. Twenty-four hours after 
the operation a bed-side film is taken in midrespiration and a pneumo- 
thorax refill given if indicated. Subsequent refills are spaced in accord- 
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ance with these findings. It is only by close attention to these details 
that readherence of lung to chest wall can be prevented. 


SUMMARY 


The severance of intrapleural adhesions with the author’s single- 
cannula method has distinct advantages over the more commonly em- 
ployed double-cannula technique. Further improvements in the operat- 
ing forceps and thoracotome, as well as concomitant developments in 
technique, described in detail in this paper, have materially widened 
these advantages. 

Employing one operative site, usually the second anterior interspace, 
adhesions may be reached in any part of the pleural cavity, studied 
minutely under vision approaching in excellence that of open pneu- 
monolysis, and subsequently severed with greater ease and safety and 
in less time than has been possible heretofore. During the entire act 
of cutting, the light and lens are always focused on the electrode and on 
the area of operation providing a large, clear, direct visual field which 
enables the operator to observe minutely the effect of the current and 
distinguish between lung structure and adhesions. 

All instruments employed fit interchangeably into the one cannula. 
Adhesions are severed by diathermy, with coagulation and cutting an 
automatic and continuous process. 


SUMARIO 


El desprendimiento de las adherencias intrapleurales con el método 
de la canula aislada del autor, posee ventajas bien definidas sobre la 
mas difundida técnica de la doble canula. En este trabajo describense 
minuciosamente otros mejoramientos en las pinzas y toracotomos, asi 
como algunos desenvolvimientos técnicos que han ampliado definitiva- 
mente dichas ventajas. 

Empleando un sitio operatorio, por lo general el segundo espacio 
intercostal anterior, pueden alcanzarse las adherencias en cualquier 
parte de la cavidad pleural, estudiarse minuciosamente con una visibilidad 
que se aproxima en su excelencia a la que permite la neumolisis abierta, y 
resecarse después con mayor facilidad y seguridad y en menos tiempo 
que lo que era posible hasta ahora. Durante todo el acto de la resecci6n, 
la luz y la lente se encuentran siempre enfocadas en el electrodo y en la 
zona operatoria, ofreciendo un campo visual directo grande y seguro, 
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que capacita al operador para observar minuciosamente el efecto de la 
corriente y distinguir el tejido pulmonar, de las adherencias. 

Todos los instrumentos empleados son intercambiables en la canula y 
las adherencias son separadas por la diatermia, constituyendo la coagula- 
cién y la resecci6n un procedimiento automatico y continuo. 


I wish to acknowledge my indebtedness to Mr. F. C. Wappler and to Mr. M. R. Peck of 
the American Cystoscope Makers of New York for their codpération in the development of 
these instruments. 
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TREATMENT OF EMPYEMA" 


Treatment of Tuberculous and Mixed Infection Empyema with Bactericidal 
Substance Reinforced with Wetting Agents 


S. A. PETROFF, MYRON HERMAN anp LEO PALITZ ° 


In a recent publication Petroff and Schain (1) described experimental 
studies on the enhancement of bactericidal properties of well known 
antiseptics by addition of wetting agents. The:striking results obtained 
suggested the application of these compounds in the treatment of pure 
tuberculous and mixed infection empyemata. The clinical studies were 
carried out by Palitz and Herman and recently published in a preliminary 
report (2). Before we proceed with the clinical data, I shall briefly re- 
view the premises on which the treatment is based. 

Determination of bactericidal properties of a compound by well estab- 
lished bacteriological method has not really proved satisfactory. A 
compound may manifest high bactericidal properties by test-tube meth- 
ods and yet may be useless when applied clinically. It has been re- 
peatedly pointed out that body fluids may often interfere with the 
bactericidal properties when they are added to ordinary culture medium. 

The same may occur when the antiseptic is added directly to the 
contaminated empyema fluid. Although the compound may destroy the 
isolated organisms, suspended in a broth culture in a high dilution, in- 
variably it fails to sterilize the fluids outside or inside the body, even in a 
low dilution. Bactericidal properties under such conditions may be 
reduced twenty to forty fold. 

This inability of killing power in vitro and vivo perhaps can be con- 
tributed to several reasons. Many organisms are phagocytized and 
entrapped within the cells. In such case the organisms must be liberated 
from the cells by plasmolysis. The compound in vivo may combine 
with the protein forming a new compound which no longer acts as bac- 
tericidal agent. 

For a number of years we have been interested in compounds with 


1 Presented before the Medical Section at the 37th annual meeting of the National Tu- 
berculosis Association, San Antonio, Texas, May 7, 1941. 

* From the Medical Service of Dr. George G. Ornstein and the Department of Bacteriol- 
ogy, Sea View Hospital, Staten Island, New York. 
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surface activity which may act on sputa and other pathological material 
dissolving such material for a proper concentration of tubercle bacilli. 
After a concentrated study, we discovered a few which proved of con- 
siderable value in sputum digestion and concentration. 

Before presenting the experimental data, the theoretical consideration 
may pave the way for a better understanding of the premises on which 
the treatment is based. 

Bacterial protoplasm and numerous other constituents of the cell are 
enclosed in a semipermeable membrane. This membrane, composed of 
protein, lipoids and carbohydrates, is of undetermined arrangement, and 
resembles more the membrane of the animal than that of plant cell. It 
is readily permeable to water and has various degrees of permeability to 
organic and inorganic substances. The characteristics (physical and 
chemical) of this semipermeable membrane influence the growth, mor- 
phology, staining reactions, composition and distribution of cell sub- 
stance, osmotic phenomena and important electrical properties of the 
cells. Bacterial substance enclosed in the semipermeable membrane is 
a small osmotic unit, susceptible to differences in osmotic pressure existing 
between the protoplasm and the surrounding medium. 

It has been repeatedly stated that the ratio of surface volume of the 
bacterial cell is large. This large surface area possesses the capacity to 
absorb material from the solution. Absorption has an important in- 
fluence upon the characteristics of the cell membrane, and is part of the 
chain of physical effects and properties of the bacteria. Morphology 
reproduction, and numerous physico-chemical and immunological reac- 
tions are conditioned by the ions and compounds absorbed by the cell 
surface. 

The surface tension of the bacterial cell in a fluid medium cannot be 
measured directly, but data obtained by surface tension measurement of 
solutions at the air liquid interface are applicable in general and, with 
precautions, to the interfacial tension of bacterial cells suspended in a 
liquid. Substances such as soaps, bile salts, phenols, etc., which reduce 
the surface tension of solutions, become concentrated on the bacterial 
surface, affecting the permeability of the membrane, diffusion through 
the membrane, electrical properties of the surface and numerous other 
cellular phenomena. It must be remembered that the surfaces of all 
liquids and solids are constantly in a state of tension due to intramolecular 
forces. 

If we accept the above assumption, then it seems that, by upsetting the 
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balance of the surface tension of the bacterial or body cell (pus cells) 
and the external phase, perhaps we can more readily penetrate them, thus 
inactivating their power of reproduction and finally destroy them. The 
influence of surface tension depressors on the enhancement of bactericidal 
properties of some disinfectants has been pointed out by Hanson and 
Frobisher, but to our knowledge no one has used them for therapeutic 
purposes. These at least were premises which prompted us to study 
the bactericidal effect of a number of surface tension depressors in com- 
bination with antiseptics, with the object of devising some combination 
which may prove of value for clinical application. 

An accumulation of interest in organic compounds possessing prop- 
erties of surface activity in aqueous systems has occurred during the past 
five years. This general class of chemical compounds first found applica- 
tion in the textile industry. The chemical structures of these soap-like 
materials and the relation of their molecular structure to properties of 
surface activity, or surface and interfacial tension reduction, are generally 
understood and widely accepted. Soaps and compounds which function 
similarly in aqueous solutions are strongly polar compounds, comprising 
a nonpolar hydrocarbon portion of high molecular weight at some point 
in which is located a sufficiently polar or water-soluble group to endow 
the molecule with properties of at least colloidal solubility in water. 

Many such substances have been prepared in the last five years. Some 
have been obtained by hydrogenation of fats and fatty acids followed by 
sulphation of the resulting alcohols. 

Others are purely synthetic, secondary aliphatic alcohols containing 
from ten to twenty-one carbon atoms in which the hydroxyl groups are 
located on the carbon atoms near the centre of the hydrocarbon chain. 
By sulphation of these alcohols and neutralization of the resulting acid 
alcohol sulphates, a group of sodium secondary alcohol sulphates has 
been obtained which have subsequently been found to possess some re- 
markable properties as surface tension depressors, wetting agents, de- 
tergents, penetrants, emulsifiers and dispersing agents. Some of the 
most important compounds in this group on which we concentrated most 
of the present studies are sodium tetra-decyl sulphate, triethanolamine 
tetra-decyl sulphate, sodium hepta-decyl sulphate and aerosols which 
were first described by Jaeger in 1933. The latter are esters of sulpho- 
succinic acids and are readily synthesized from maleic and fumaric acids. 
These compounds have definitely found their place in commercial fields 
as detergents and wetting agents and have added a great deal to our 
knowledge of surface activity. 
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EXPERIMENTAL DATA 


Organisms used in bactericidal experiment were Staphylococcus pyogenes 
aureus (reddish strain, universally used for phenol coefficients) or other St. 
pyogenes aureus, and B. pyocyaneus which was isolated from a hospital case. 
These three organisms were found to be the most common contaminants pres- 
ent in our cases, and at the same time most resistant to antiseptics when used 
for irrigation. At the onset of the experiment, pneumococci of various types 
and streptococci were also tested, but, as they were readily susceptible to 
destruction, we concentrated all efforts on the three resistant organisms men- 
tioned above. The most resistant type of microérganism to antiseptics and 
wetting agents was found to be B. pyocyaneus. 

The stock cultures were carried in plain beef-broth of pH 7.2. Only fresh, 
twenty-four hour cultures were used for the test. Nine cc. of the medium were 
placed in $ x 7 inch test tubes, thus assuring large enough space for a complete 
and even mixture by agitating the test tube racks. 

Two methods for testing were used. The first was similar in most parts to 
the phenol coefficient test, universally used to test disinfectants. The second 
method was as follows: In each test tube containing 9 cc. of beef broth, the 
antiseptic and the detergent agent were so diluted that, when the required 
amount was added, the total volume was exactly 10 cc. The tubes were well 
shaken, and to each one, 0.1 cc. of a twenty-four hour broth culture of the 
organism was added. The tubes were again agitated and left in the incubator 
at 37.5°C. for twenty-four to forty-eight hours and results recorded. At the 
end of this time, from the experimental tubes subinoculations were made 
either on fresh broth or on solid medium. 

This method of approach is a departure from the conventional phenol co- 
efficient method. We felt, however, that the method is a close approximate 
to the clinical procedure, where the compound once injected into the pleural 
space remains there for at least several days. It probably gives us a better 
and truer index as to the bactericidal effect because the bacteria-compound 
contact is approximately of the same duration of time as that when the anti- 
septic is injected into the pleural space. 

The following wetting agents were studied. 


Trade Name Chemical Name 

Aerosol OT Ester of a sulphonated bi-carboxylic acid (di-octyl) 

Aerosol OS A sodium salt of an alkyl naphthalene sulphonic acid 

Aerosol MA, Di-hexyl sodium sulpho-succinate 

Aresklene Sodium sulphonate of butyl-butoxy-diphenyl 

Areskap Sodium sulphonate of ortho-butoxy-diphenyl 

Aresket Sodium sulphonate of ortho-butyl-diphenyl 

Duponol LS paste Sulphated (oleyl-palmityl-stearyl alcohols) 

Duponol LS flake Same as LS except for one-half strength plus 50 per cent 
sodium sulphate 

Duponol WA paste Ester sulphonates (lauryl alcohol) 


Trade Name 
Duponol WA flake 
Duponol ME dry 


Igepon 

Nekal 

Nopco 2265-B 
Nopco 2268-P 
Santomers 
Tergitol 4 
Tergitol 4T 
Tergitol 08 
Tergitol 7 
Triton W-30 
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Chemical Name 
Ester sulphonates (lauryl alcohol) 
5 per cent sodium sulphate, 95 per cent sulphated lauryl 
alcohol (purified WA) 
Oley! sulphonic acid sodium salts 
Naphthalene disulphonic acid butyl ester sodium salt 
Amine derived from cocoanut fatty acids 
Amine of a mixture of fatty acids over 8 carbon atoms 
Sodium alkyl ary] sulphonates 
Sodium tetra-decyl sulphate 
Triethanolamine tetra-decy] sulphate 
Sodium octyl sulphate 
Sodium hepta-decy] sulphate 
Ether sulphonates 


Not a single wetting agent mentioned above exerted bactericidal action 
on B. pyocyaneus. Not all had equal effect on St. aureus. Sodium 
tetradecylsulphate, triethanolamine tetradecylsulphate and sodium 
heptadecylsulphates inhibited the organism in a dilution of 1:6,000. 
Some of the other compounds had mild and others had no bactericidal 
properties. 

From the above mentioned compounds we selected sodium tetradecy] 
sulphate, triethanolamine tetradecylsulphate and an ester of sulphonated 
bi-carboxyl acid (di-octyl) for our studies. 

A number of antiseptics were then reinforced with above mentioned 
wetting agents using S¢. aureus as test organism. The wetting agent in 
all cases was diluted to 1:10,000 and the antiseptic was made in varying 
dilution. To each tube .1 cc. of eighteen-hour broth culture was added; 
shaken well and a small amount, at intervals of five and ten minutes, 
was subinoculated in other tubes. | 

The following antiseptics were tested by the first method described: 
phenol, chloramin-T and azochloramid. The time of contact was five 
and ten minutes. 

Phenol-water beef broth combination killed the organisms in a dilution 
of 1:90 in five minutes. When sodium tetradecyl sulphate in dilution 
of 1:10,000 was added the killing time was five minutes in a dilution of 
1:150 and in 1:300 ten minutes. Chloramine-T beef broth mixture killed 
the organism in a dilution of 1:10,000. But when the wetting agent was 
added the organisms were killed in a dilution of 1:20,000 in five minutes 
and in 1:40,000 in ten minutes. Azochloramid alone did not kill the 
organism in a dilution of 1:30,000 in ten minutes, however, if sodium 
tetradecyl sulphate was added to make a dilution of 1:10,000 the killing 
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power was increased to 1:100,000 in five minutes. The other wetting 
agents acted similarly. 


The following antiseptics which have been used for irrigation purposes were 
studied by the second method: merthiolate, zephiran, hexyl-resorcinol and 
phenyl-mercury nitrate. Various dilutions of the compounds, from 1:10,000 
to 1:3,000,000 were made and sodium tetradecyl sulphate, triethanolamine 
tetradecy] sulphate and aerosol, in dilutions of 1:10,000 to 1:5,000 were added. 
To each tube .1 cc. of eighteen-hour broth culture of St. aureus or B. pyocyaneus 
was added and the tubes were studied by the second method described before. 


St. aureus was killed in mixture of merthiolate and sodium tetradecyl 
sulphate and triethanolamine tetradecyl sulphate in a dilution of 
1:1,500,000. In a control with no wetting agents, the killing power 
was 1:300,000. Aerosol was less effective. Zephiran, hexyl-resorcinol 
and phenyl mercury nitrate had weaker bactericidal action. B. pyo- 
cyaneus was more resistant to the antiseptics. Only phenyl mercury 
nitrate and merthiolate manifested any degree of bactericidal properties. 

From the foregoing experiments we concluded that azochloramid and 
merthiolate were most suitable antiseptics for our purpose and sodium 
tetra-decyl sulphate and triethanolamine tetra-decyl sulphate were the 
best wetting agents. 

As most cases to be reported in this paper were irrigated with azo- 
chloramid we shall describe the preparation of this antiseptic. 


Azochloramid as supplied by the manufacturer is stored in one-ounce glass 
bottles containing 1.14 g. of pure azochloramid and sufficient amount of salts 
so when it is added to one gallon of boiled water it will make a physiological 
saline solution with 1:3,300 azochloramid. For our purpose, 2,000 cc. of dis- 
tilled water is heated to about 60°C. Twenty cc. of purified sodium tetra- 
decyl sulphate (25 per cent concentration as supplied by the manufacturer) 
is added and mixed well, this is followed by dissolving in this solution one 
bottle of azochloramid. It is very important to dissolve first tergitol and then 
the azochloramid. The solution must be kept in brown bottles. The final 
dilution is approximately 1:2,000. The solution keeps well for several days. 
Our best clinical results have been obtained with fresh solutions. 


CLINICAL TREATMENT 


The clinical experience with this compound is presented by Drs. Her- 


man and Palitz. 
The treatment of pure tuberculous and mixed infection empyemata 
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is a medical problem. There are two conditions, however, in which 
surgical intervention is indicated: 


1: The presence of a bronchopleural fistula. 

2: A pyopneumothorax with the underlying unexpanding lung uncontrolled; 
that is, open cavities in spite of pneumothorax, and positive sputa. Here in 
addition to the thoracoplasty which would have sufficed for the pulmonary 
cavity, thoracotomy and Schede operations must be performed for the con- 
comitant empyema. 


In a previous communication Palitz and Herman (2) demonstrated 
conclusive and incontrovertible evidence that the empyemata (both 
pure tuberculous and mixed) were a direct result of a bronchopleural 
fistula in 76.5 per cent of our cases. Investigations in a subsequent series, 
in which we were possessed of more complete details, showed that the 
aetiology of empyema in practically all of these cases could be traced to 
a bronchopleural fistula. The deciding réle of the bronchopleural fistula 
in the pathogenesis of empyema, its effect on the course of the disease 
and the reaction to treatment make a knowledge of this morbid condition 
indispensable in the proper management of empyema. 

A bronchopleural fistula is a communication between the pleural 
space and the air passages. This condition may occur spontaneously or 
as a result of trauma in approximately 61 per cent of cases, and following 
the Jacobaeus operation in 39 per cent. 

Regardless of the causative factor responsible for the fistula, the early 
manifestations of the condition are usually the same. Marked dyspnoea 
is experienced by the patient, often severe enough to necessitate deflation. 
Pain is noted on the affected side and on X-ray films and by fluoroscopy 
the lung is found to show much greater compression than previously. 
The heart and mediastinal structures are pushed into the opposite hemi- 
thorax. The pleural readings attain levels above atmospheric or, if at 
first markedly negative, approach a mean of zero. Fever may develop 
several hours after this episode and ranges from 101° or 104°F. The 
average duration is about one and one-half months. The longest period 
we have observed is five months. Fluid which has been noted as early 
as twenty-four hours after onset is clear, light amber in color and thin. 
Organisms are almost always absent. In three to eight weeks, the fluid 
becomes turbid and at varying periods after this may become frankly 
purulent. Then organisms are usually present. 

The bronchopleural fistula, contrary to a popular misconception, in 


TREATMENT OF EMPYEMA 745 


the majority of cases is not a fatal episode as far as life is concerned. 
In our series already reported (2) 74.6 per cent of these fistulae seal 
over. The remaining 25.4 per cent are either intermittently or per- 
sistently patent. Probably the most frequent method of healing is 
demonstrated in the following case. 


J. H.: The lung is that of a twenty-nine year old male who developed a spon- 
taneous pneumothorax on the right side. Six days later he died as a result of 
far advanced pulmonary tuberculosis. In the interim 800 cc. of greenish thin 
fluid had formed in the pleural space. 

Necropsy specimen revealed the surface of the right lung to be covered 
with a layer of fibrin. In one area an operculum of fibrin sealed over a broncho- 
pleural fistula. The fistula was exposed when the fibrin covering had been 
scraped away. This communicated with a small cavity in the underlying 
lung. ‘Had the patient lived longer this fibrin would have become organized 
into fibrous tissue, permanently sealing over the fistula.” 


Another surprising and unexpected turn of events is the high percentage 
of cavity closure. The present report confirms the previous findings 
of such an occurrence in about 67 per cent of unilateral cases. The marked 
compression of the lung, effected through the entrance of large volumes 
of gas into the pleural space, makes the above figures more under- 
standable. 

Despite the reparative processes which follow the development of 
the bronchopleural fistula and the fortuitous closure of a remarkably 
high percentage of cavities, an empyema develops. This may be either 
pure tuberculous or of the mixed infection type. 

Fortunately a number of these cases recover spontaneously on con- 
servative treatment. Others, at the time of observation, are progressing 
satisfactorily and do not require any active therapy. In numerous in- 
stances, however, the resultant clinical picture demands prompt and 
intensive treatment. The outstanding problems presented are: 


1: Sever toxaemia because of the fluid. 

2: Formation of chest wall abscesses, draining sinuses and empyema neces- 
sitatis. 

3: The presence of an open bronchopleural fistula with the probability of 
spread of the empyema fluid to the opposite lung. 

4: Continuation of pneumothorax treatment is indispensable but there is 
danger of infecting the chest wall with pus from the pleural space following 
repeated refills. 
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One hundred eighty-nine empyema cases were studied. One hundred 
three were selected for treatment with azochloramid and sodium tetra- 
decyl sulphate because of one or more indications mentioned above. The 
other 86 cases were set aside as long range controls. 

Ninety-eight of the 103 patients treated had received pneumothorax 
therapy for open pulmonary cavities and positive sputa. The remaining 
5 developed their empyema as a result of a spontaneous pneumothorax. 

All treated cases had frankly purulent fluid, generally thick in con- 
sistency. These fell into the purulent division of the Ornstein clas- 
sification which we found inclusive and generally satisfactory. This is 
represented in the following chart. 


: Fluid negative; lung controlled (cavities closed, sputa negative). 
: Fluid negative; lung uncontrolled (cavities open, sputa positive). 
: Fluid positive; lung controlled. 

: Fluid positive; lung uncontrolled. 

: Mixed infection; lung controlled. 

: Mixed infection; lung uncontrolled. 


The present study is composed of the follow-up on 50 empyema cases 
already presented and 53 additional cases observed subsequently. 


It is not amiss here, to reiterate briefly that when a patient was chosen 
for treatment his chest was aspirated as nearly dry as possible and 120 
cc. of azochloramid sodium tetra-decyl sulphate was instilled (the ab- 
breviation Azo-T will be used henceforth). For the next two days a simi- 
lar procedure was carried out. Thereafter this was done twice weekly. 

Oxygen lavage was used in conjunction with this treatment to cause 
rapid reéxpansion of lungs when indicated. 


RESULTS 


The results with treatment were most encouraging. In the ma- 
jority of cases, the fever dropped and the temperature became normal. 
The following three cases are representative. 


Case 1: J. T. had a mixed infection empyema. The temperature was of the 
septic type and fluctuated between 99°-102°F. for several months prior to 
treatment. With Azo-T instillations the fever dropped to 100.8°F. the very 
next day and subsequently remained normal. 


Case 2: P. H. developed a tuberculous empyema following a Jacobaeus opera- 
tion. The patient was extremely toxaemic and the temperature rose as high 
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as 105°F. Following treatment with Azo-T, there was a fall in the fever to 
103°F. It remained so for a period of twelve days. During this time the 
patient received eight instillations of Azo-T, the last four at three-day intervals. 
Following this, the temperature was almost normal except for an evening rise 
to 100°F. This persisted for a period of three months, then became per- 
fectly normal. 


Case 3: M. C. developed a mixed infection empyema following a spontaneous 
pneumothorax. We found B. pyocyaneus and tubercle bacilli, as high as 
Gaffky V. The patient was extremely toxaemic, had lost twenty pounds of 
weight in a period of two weeks and the fever was as high as 102.4°F. Azo-T 
irrigations were begun and within the next twenty-one days twelve instillations 
were given. The temperature fell progressively until it was normal at the end 
of this time. It is interesting to note that after each irrigation with Azo-T 
the fever rose. This, on occasion, went as high as 102.8°F. The temperature 
rise was transitory in nature and only persisted for a period of several hours. 
In the period between the irrigations the temperature was entirely normal. 


In a number of instances, several hours following the instillation of 
Azo-T, a temperature elevation up to 104°F. was observed. This reac- 
tion is definitely attributable to the injection of Azo-T into the pleural 
space. The reason for this is not known. However, there were sur- 
prisingly few constitutional symptoms accompanying the fever. The 
most noticeable of these was a moderately severe headache. By the 
next morning the temperature was again normal. Most of these reactions 
manifested themselves at the beginning of the treatment and were of 
varying duration. 

The thick pus thinned out after the first irrigations but additional time 
was required to render the fluid permanently thin. On occasion a 
moderately thick fluid assumed a consistency of gelatin. With further 
intensive therapy this was thinned and remained so. The general im- 
pression was that there was a diminution in the amount of fluid formed 
in most of the cases. | 


BACTERIAL COUNT 


Twenty-one fluids positive for tubercle bacilli turned negative. In a 
large group of cases the Gafiky count was lowered approximately from 
VI to III. This finding was later discarded since the Gafiky count 
was found to be of no especial significance. The important feature 
noted, however, was that all organisms studied, after prolonged treat- 
ment, had “modified morphological characteristics.” (Petroff). 
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There were 19 mixed infection cases. The pyogenic organisms dis- 
appeared in 13. Eleven of these had cocci, one bacilli in addition and 
the last had B. pyocyaneus. 

Six cases were unaffected. Of these, 2 cases with oesophageal-pleural 
fistulae had yeast, cocci and gram negative bacilli. 

Four cases with bronchopleural fistulae had both cocci and gram 
negative bacilli. ' 

The treatment of any empyema depends upon the nature of the under- 
lying lung. 

(1) If the pulmonary cavities are healed or if a thoracoplasty is re- 
quired because of an ineffectual pneumothorax, reéxpansion of the lung 
and obliteration of the pleural space is indicated. 

(2) On the other hand, continued collapse of the lung is essential in 
cases of a satisfactory pneumothorax or where there is promise of even- 
tually closing the cavities. 

We have already demonstrated in a general fashion the response of 
empyemata to treatment. A more detailed description of the disposition 
of 50 cases originally reported is now presented. 

All these cases fell into the two major types mentioned above. 

(1) Complete reéxpansion of the lung was desired in 36 cases. This was 
accomplished in 18 as we have already reported. Fifteen of these con- 
tinue status quo under observation. The remaining 3 cases require ad- 
ditional notations. 

In one a moderate amount of fluid again accumulated following an 
upper respiratory infection. This finding was found during a routine 
chest examination in the Out Patient Department. The fluid is spon- 
taneously reabsorbing. 

The second case was discharged from the hospital and several months 
later developed a spontaneous pneumothorax (third episode). Fluid 
formed. This was thick and purulent. Following another course of 
treatment the lung has completely reéxpanded and a small encapsulated 
margin of thin fluid is noted over the apex of the lung. 

The third case was discharged home. Four months later he had a 
fatal haemoptysis. There had been no recurrence of the empyema. 

Therefore of 18 cases, 16 have maintained their excellent status as 
far as the healing of the empyema is concerned. 

Representative illustrations are as follows: 


Case 4: D. C., thirty year old Puerto Rican female, had a right pneumothorax 
induced in February, 1938 for a cavity in the right upper lobe. A spontaneous 
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‘ pneumothorax developed in September, 1938, requiring deflation and very 
shortly thereafter the patient experienced chills and high fever; fluid accumu- 
lated quickly and turned purulent. This was yellow, opaque and extremely 
thick, with a bacterial count of Gaffky X. Saline irrigations were carried out 
but this apparently did not have any effect upon the fluid. Two chest wall 
abscesses resulted due to infection of the needle tracts. One of these abscesses 
subsequently healed spontaneously; the other broke down and drained. Be- 
cause of fear of further abscess and sinus formation, the empyema fluid was 
permitted to become encapsulated. 

With the advent of Azo-T it was felt that irrigations should be done because 
the large amount of fluid in the chest was reducing the vital capacity and 
because there was a possibility that this thick pus might cause an empyema 
necessitatis, or might rupture into the lung and cause a spread of the disease. 
The empyema had been present for a period of one year prior to treatment. 
Under Azo-T irrigations the thick fluid became thin, the amount progressively 
diminished, the Gaffky count dropped from X to III, and finally, with the 
aid of oxygen lavage, the lung reéxpanded completely. The acellular fluid 
was entirely absorbed. There was a rapid gain in weight and the general 
condition was excellent. The chest wall abscess healed and the patient, whose 
sputum had been negative for tubercle bacilli since the spontaneous pneumo- 
thorax in September, 1938, was permitted to leave the hospital. 


Case 5: A. H., twenty-eight year old colored male, had bilateral pneumothorax 
for cavities in both lungs. 

As a result of a spontaneous pneumothorax on the right and following a 
Jacobaeus operation on the left, the patient developed fluid in both pleural 
spaces. The empyema on the right spontaneously absorbed. A _ large 
empyema necessitatis developed over the anterior left chest. It was felt that 
if quick and striking results did not follow Azo-T irrigations the patient would 
have to be operated upon. 

Under treatment with Azo-T the thick purulent fluid on the left became 
thinner in consistency. Oxygen lavage was also performed. After the first 
treatment the pus was sucked back into the pleural space (by the highly nega- 
tive pressure), the lung rapidly reéxpanded and apparently sealed off the 
empyema necessitatis opening. The fluid rendered thin and acellular by Azo-T 
was quickly absorbed by the more permeable pleura. At present there is a 
minimal amount of encapsulated fluid along the upper and lateral margin of the 
reéxpanded lung. 

The patient’s sputum which had been negative for the preceding two years 
remained negative on repeated gastric and sputum concentrate examinations. 


Case 6: M. C., twenty-one year old white female, had a pneumothorax on the 
left side in July, 1938 for a cavity in the upper lobe. In August of that year 
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she developed a spontaneous pneumothorax. The sputum turned negative, ° 
but an area of lessened density was interpreted as a cavity, and the patient 
was subjected to a Jacobaeus operation. The X-ray report from the Queens 
General Hospital, where this procedure was done, states that the “lung is 
completely compressed and there is a moderate amount of fluid.” The patient 
signed out of the hospital but continued having pneumothorax treatment. 
She felt well until February, 1939, when after a chest tap she was told by her 
private physician that she had a tuberculous empyema. Pneumothorax re- 
fills were continued and in July, 1939 she developed chills, high fever and a 
mixed infection empyema. 

The patient’s private physician was visiting Doctor Petroff one day and 
was impressed by the rapid manner in which Azo-T digested thick pus. He, 
therefore, sent the patient to Sea View Hospital. 

On admission she had a large chest wall abscess which was extremely tender, 
she was toxaemic with fever of 105°F. and had a mixed infection empyema 
(Gaffky V and B. pyocyaneus). 

No aspiration could be done even with saline irrigations because the fluid 
was of gelatinous consistency. On September 9, 1939, 100 cc. of Azo-T were 
instilled into the chest. The next morning 150 cc. of a thick green pus were 
recovered. An additional 100 cc. of Azo-T were injected and the empyema 
fluid turned fairly thin. Under continued treatment, in a period of one and 
one-half months, B. pyocyaneous and tubercle bacilli disappeared. The lung 
reéxpanded spontaneously and practically all the fluid was absorbed. The 
patient gained weight and her general condition was excellent. She insisted 
on going home and was permitted to do so. Her sputum had been negative 
for one and one-half years. 

While at home she experienced shortness of breath one day and went to 
her local physician who discovered the presence of a spontaneous pneumo- 
thorax. Fluid developed and has become encapsulated. The patient at no 
time has noted any ill effects, except for the period of shortness of breath 
referred to above, which only lasted one hour. 


The remaining 18 cases in this group fall into the following additional 
divisions. 

In 4 cases the lung is almost completely reéxpanded with encapsula- 
tion of small amounts of thin fluid. 

In 3 cases the fluid was thinned but the lungs failed to reéxpand. 

One patient sighed out of the hospital (bronchopleural fistula). 

One patient had a thoracotomy, thoracoplasty and Schede for a chest 
wall abscess and a bronchopleural fistula. 

Nine patients are dead (7 had bronchopleural fistulae). 
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(2) The second major group was comprised of cases which had collapse 
therapy continued for an effectual pneumothorax or one which showed 
promise of becoming so. In addition we included patients with far ad- 
vanced bilateral pulmonary tuberculosis who were toxaemic as a result 
of their empyema. We desired only to combat the toxaemia, thus im- 
proving the general condition. The evaluation of the results of treat- 
ment in this subgroup must therefore be considered only from the stand- 
point of the empyema, since the prognosis of the extensive lung lesion 
was hopeless. 

Fourteen cases fell into this group. Since the original paper, only 4 
have had pneumothorax therapy continued. In 3 the pleural space has 
become absolutely dry and has remained so for months. No further 
irrigations are required. The fourth case also has an excellent prognosis. 
The fluid has turned thin, the amount is minimal and does not reaccumu- 
late, the temperature is normal and the general condition is good. 

Of the remaining 10 cases, the lung has completely reéxpanded in 3. 
(One of these is dead because of far-advanced pulmonary disease.) In 
4 other cases the lung almost completely reéxpanded with encapsulation 
of small or moderate amounts of thin acellular fluid. (One of these died 
several months after cessation of treatment because of amyloid disease 
and extensive pulmonary tuberculosis.) 

There are 2 cases in which the lung is reéxpanding. Both are pro- 
gressing satisfactorily. In one the lung is slowly and spontaneously re- 
expanding. The other had been treated for marked constitutional symp- 
toms. Several months after a short and effective series of Azo-T instilla- 
tions there was reoccurrence of pus. Another course of treatment 
and oxygen lavage are controlling the empyema and reéxpanding 
the lung. 

One case required thoracotomy, thoracoplasty and Schede. After 
several months of treatment, evidence of a bronchopleural fistula became 
manifest and the patient expectorated methylene blue instilled into the 
pleural cavity. 

Eight of 10 abscesses of the chest wall healed and the remaining 2 were 
in patients who died. 

In this series, 29 cases have had their lung reéxpanded completely, 
or almost so with small amounts of thin encapsulated fluid in the latter. 
They do not require any further treatment for their empyema. 

Five cases are reéxpanding. Two have a favorable prognosis. In the 
other 3, the fluid has thinned but the lung has failed to reéxpand. 
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There are 4 cases for whom pneumothorax is continued. Their prog- 
nosis is good. 

There are 10 patients with bronchopleural fistulae and 2 patients 
are dead. 

Every chest wall abscess and sinus has healed, except 2 in patients 
who died. 

In a study of the entire group it was noted that the presence of a 
negative or positive sputum did not alter the ability of the lung to re- 
expand. Nor did the type of empyema, (either pure tuberculous or 
mixed infection) make the achievement of this aim more difficult. Be- 
cause of this and the desire for simplicity in classification, the 53 patients 
in the second series will be listed in the two major types of cases already 
mentioned. 

(1) Thirty-nine cases fell into the group in which reéxpansion is de- 
sired. 

(a) Ten of these are completely reéxpanded with obliteration of 
the pleural space. 

(b) Three cases are almost completely reéxpanded with encap- 
sulation of a small amount of thin fluid. 

(c) Twenty-one cases are reéxpanding. Many of these have chest 
wall abscesses and sinuses which are healing. The results of treat- 
ment in this subgroup cannot be reported at this time. Some 
patients are doing well, in others the outlook is not too hopeful. 

(d) Five patients died. Four had bronchopleural fistulae and 
one an oesophageal-pleural fistula. 

(2) Fourteen cases are included in the group where continuation of 
pneumothorax is desired. 

(a) Eleven are progressing satisfactorily. 

(b) Two have bronchopleural fistulae and have signed out of the 
hospital because surgical intervention was urged. 

(c) One patient with far advanced bilateral pulmonary tubercu- 
losis died of his lung lesion after the second irrigation. 

The number of chest wall infections was large. 

In 7 cases there were 17 sinuses. Twelve healed and the remaining 
5 are draining. Four of these are still under treatment. One patient 
with a sinus and bronchopleural fistula signed out of the hospital. 

In another 7 cases there were 8 abscesses. Six of these completely 
healed. One is almost healed and the last was in a patient who died as 
a result of a pleural-oesophageal fistula. 
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There were 5 patients with empyema necessitatis. Three are healed, 
one is healing and one was present in a patient who died. 


DISCUSSION 


The ideal end-result in the treatment of an empyema is the complete 
reéxpansion of the lung and obliteration of the pleural space. 

Where the underlying lung is healed the theoretical plan of treatment 
is simple: permit the lung to reéxpand. 

Unfortunately only too often this goal is extremely difficult to achieve. 
The lung remains compressed. In some instances there are no constitu- 
tional symptoms and the dead space is permited to fill with fluid. The 
empyema for the time being does not present any difficulty. In many 
cases, however, active treatment is indicated because of the patient’s 
general condition, the presence of chest wall infections, and because of 
dyspnoea caused by the large amounts of fluid. It is ironical that, after 
having escaped a thoracoplasty while the pulmonary lesion was active, 
this operation plus a thoracotomy and Schede have to be performed when 
the lung is healed, on account of an empyema. 

A still greater problem is confronted in the majority of cases of em- 
pyema, where the pulmonary cavities are only recently closed or are still 
patent. Additional months and even years of pneumothorax therapy 
are required for conversion of sputum or further healing of these lesions. 
However, the grave danger of chest wall infections, arising out of the 
repeated insertion of the refill needle into a pus laden space and the fear 
of prolonged toxaemia has induced phthisiologists to prefer the shocking 
and deforming procedures of thoracoplasty and Schede. 

The treatment with Azo-T has introduced a newer concept in the man- 
agement of empyemata. Where there is no patent bronchopleural 
fistula, therapy is a medical problem. 

Pneumothorax was continued in every case where it was indicated in 
conjunction with Azo-T irrigations. This is a combination of treatment, 
simultaneously, for the underlying lung as well as for the empyema. 

The complications which resulted from over 2,500 aspirations are so 
few as to be no longer a deterrent to collapse through pneumothorax in 
cases of empyema. Only 12 nodules formed which did not break down, 
and 5 sinuses and 5 abscesses developed. Of the latter, 3 were in patients 
who died. Four of the sinuses have healed under subsequent care. This 
extremely low incidence of chest wall involvement is probably due to 
the instillation of Azo-T along the course of the needle tract following 
refills. 
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Thirty-one patients have had their lungs completely reéxpanded be- 
cause of healed cavities or because pneumothorax was ineffectual and 
thoracoplasty was contemplated for the diseased lung. In only 2 cases 
was there reoccurrence of fluid. This favorable response is attributed to 
the dissolving effect of the Azo-T on the necrotic material present on 
the visceral pleura. The intrapleural gaseous exchange is enhanced 
and “oxygen lavage’ is much more efficacious in causing lung reéxpansion 
because of the rapid absorption of oxygen and the resultant high negative 
pressures. 

The 31 cases described above are part of a group of 84 in which re- 
expansion was desired. From this total number, 14 cases with broncho- 
pleural fistulae must be substracted because we strongly feel that these 
are surgical problems and not within the scope of medical treatment. 
Seventy cases therefore remain. Thirty-one are completely reéxpanded 
with obliteration of the pleural space (44.2 per cent). Eleven are almost 
completely reéxpanded with small or moderate amounts of thin encap- 
sulated fluid along the lateral margin of the lung (15.7 per cent). There- 
fore, the above 42 cases, or 59.9 per cent, do not present any further 
empyema problem at the present time and are adjudged successful. 

Of the remaining 28 cases, 23 (32.8 per cent) are in the process of re- 
expansion and the eventual out’ »me of these cases will greatly modify 
the final results. 

Three cases (4.2 per cent) have failed to reéxpand and 2 (2.8 per cent) 
are dead. 

The question has already been broached whether through the removal 
of necrotic and fibrinous material from the pleural surface, a sealed 
fistula may not be reopened. There was only one case in which this 
problem was encountered. Three minutes after the first instillation of 
Azo-T the patient coughed up the contents of the pleural space. Sub- 
sequent gas analysis revealed that there was an intermittent broncho- 
pleural fistula. 


SUMMARY 


1. The principles involved in a new treatment of tuberculous and mixed 
infection empyema are fully discussed. 

2. Experimental studies on bacteria commonly found in such complica- 
tions indicate that wetting agents are effective, not only in digesting pus, 
but also in enhancing the bactericidal properties of some well known 
antiseptics. 
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3. The wetting agents selected are not toxic and act best within the 
acid range (pH 6-6.5). Sodium tetradecyl sulphate (purified) is most 
effective. 

4. The aetiology of an empyema in the cases studied is attributed to 
a bronchopleural fistula. 

5. The response of an empyema to treatment is dependent upon the 
persistence of a bronchopleural fistula. 

6. The presence of an intermittently open or widely patent fistula 
is a surgical problem. 

7. With the fistula sealed the treatment of an empyema is a medical 
problem. In cases where reéxpansion of the lung is desired results as 
high as 59 per cent can be achieved through intensive treatment with 
Azo-T irrigations and oxygen lavage. 

8. Azo-T treatment now permits the continuation of pneumothorax 
in indicated cases in the presence of an empyema. 

9. Chest wall infections such as abscesses, draining sinuses and em- 
pyema necessitatis have a remarkable tendency to heal under treatment. 


SUMARIO 


1. Discitense a fondo los principios en que se basa un nuevo tra- 
tamiento del empiema, de origen tanto tuberculoso como mixto. 

2. Los estudios experimentales acerca de las bacterias que se suelen 
encontrar en esas complicaciones indican que los elementos humectantes 
resultan eficaces no tan sdlo para digerir el pus, sino también para acre- 
centar las propiedades bactericidas de algunos antisépticos conocidos. 

3. Los agentes humectantes seleccionados no son tdéxicos y acttian 
mejor en una escala Acida (pH 6-6.5). El sulfato tetradecilico de 
sodio (purificado) es el mAs eficaz de ellos. 

4. Impitase la etiologia del empiema en los casos estudiados a una 
fistula broncopleural. 

5. La respuesta de un empiema al tratamiento depende de la per- 
sistencia de oclusién de la fistula broncopleural. 

6. La presencia de una fistula abierta intermitentemente o amplia- 
mente permeable, constituye un problema quirirgico 

7. Una vez ocluida la fistula, el tratamiento del empiema se convierte 
en un problema médico. En los casos en que se desea reexpansién del 
pulmén, pueden obtenerse resultados favorables hasta en 59 por ciento 
de los casos con el tratamiento intenso a base de irrigaciones con Azo-T 
y lavados con oxigeno. 
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8. El tratamiento con Azo-T permite continuar el neumotérax en 
los casos en que esta éste indicado, aun existiendo empiema. 

9. Las infecciones de la pared tordcica, en forma de abscesos, fistulas 
supurantes y empyema necessitatis, revelan notable tendencia a la cica- 
trizacién con el tratamiento. 
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GUINEA PIG INOCULATION AND CULTURE 
Disagreement between the Two Methods Due to Random Sampling 


WILLIAM N. BERG! 


Throughout the long literature on laboratory diagnosis, one finds the 
assumption, expressed or implied, that if better technique were devised 
there would be no disagreement between guinea pig and culture tests. 
The purpose of this paper is to show that even with perfect technique, 
disagreement will arise under some conditions, to describe these condi- 
tions, and to offer suggestions aimed at minimizing confusion in inter- 
pretation of tests. 

The work involved statistical studies of the problem in two stages. 
First, a study of colony counting. This was necessary because the 
colony count of a specimen furnishes an estimate of the number of live 
bacilli injected into a guinea pig. Second, calculations were made of 
probabilities of disagreement between guinea pig and culture tests due 
to random sampling of varying numbers of bacilli in assumed equal doses. 


THE COLONY COUNT INTERPRETED STATISTICALLY 


Assume that a suspension of single tubercle bacilli has been counted 
in a suitable chamber and that all of them are alive in the sense that each 
bacillus can produce one colony. By suitable dilutions, in one dose of 
final dilution the mean number of bacilli is 10. The dose is the unit of 
volume or weight used by the investigator: a loopful, 0.1 cc., a millionth 
of 1 mg., etc. 

In a previous paper (1) it was stated that when the mean number of 
bacilli per dose was 10, some doses contained as few as 3 and some con- 
tained as many as 18. Thirty such random-selected doses are shown 
in the top three lines of table 1. According to statistical theory, bacilli 
do not distribute themselves uniformly throughout the suspension fluid. 

Answers to the following questions seem desirable: If 1,000 solid 
medium tubes were planted with equal doses of the same suspension, 
what would the colony counts look like? ‘What variations in count could 
be attributed to random sampling? Would a study of the counts enable 
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an investigator to state with certainty the number of live bacilli injected 
into a guinea pig? 

Data were obtained on 6,500 imaginary doses by using a statistical 
device, the table of random sampling numbers together with the table 
of Poisson probabilities prepared by Soper (2). Tables of random 
sampling numbers have been prepared by Tippett (3), by Kendall and 


TABLE 1 


Variations in numbers of bacilli in assumed equal doses, due to random sampling 


MEAN NUMBER 


pen Sa NUMBER OF LIVE BACILLI IN 1 DOSE TOTAL 
10 10.38 14 15 18 13 12 81512 11 7 125 
10.68 10 916 9 941115 512 100 
10.71 61412 2 85 8 8 5 7 7 
5 5.87 3 76 6 8610 2 8 ili 67 
ee 79735426 4 3 50 
5.85 313 0815 76 4 2 49 
5.22 636452435 2 40 
5.30 14353443234 33 
1 1.92 031224021 5 20 
1.81 130021232 2 16 
1.8 02310201.1 0 10 
7 
1.68 000030 00 0 0 3 
0.5 34.5 21104101105 12 
43.5 04001011041 8 
92.5 3000100001 5 
17.5 020000000 0 2 
22.5 00000000 0 0 0 
0.1 18.1 100000002 4 3 
85.1 000000002 0 2 
4.1 000000010 0 1 
24.1 000000000 0 0 


Smith (4), and by Fisher and Yates (5). In this study, the tables by 
Kendall and Smith were used; the others would have served as well. 
Methods of using the tables are described in the respective publications. 
Six hundred and fifty samples of 10 doses each were drawn from the 
tables. Probabilities of less than 2 chances in 10,000 were usually 
ignored. Twenty-two selected samples are shown in table 1. The 
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variations in colony count are due to random sampling, not to faulty 
laboratory technique. The counts are all correct. 

Summary of colony counts: mean number of live bacilli in one dose 
planted = 10: Let it be assumed that an investigator has planted each 
of 1,000 culture tubes, in lots of 100, with an equal dose of the above 
suspension. After incubation the colony counts are: 1,008, 973, 1,040, 
984, 1,014, 989, 992, 1,002, 993. Total 9,987; theory, 10,000. Three 
samples of 10 tubes are shown in table 1, lines 1 to 3. 

When the mean number of bacilli in one dose of a specimen is 10 (or 
more) there should be no disagreement between guinea pig and culture 
tests even if only a single dose is planted and another dose is injected. 
Because no dose will contain zero bacilli. From what information can 
the investigator tell the number of live bacilli injected? The most prob- 
able number is the mean, 10. But the available colony counts show that 
it might be anywhere from 2 to 18. These are in samples 10.38, 10.68, 
10.71. 

Thus, Frimodt-Méller (6) planted 15 tubes of Loewenstein medium 
with doses of one-millionth milligram of presumably single tubercle 
bacilli. Colony counts were: 4, 14, 4, 17, 10, 10, 12, 11, 14, 18, 16, 11, 
8, 20, 12. Mean: 12.1 bacilli in one dose. A guinea pig injected with 
one dose of this suspension received how many bacilli? The only infor- 
mation available, 15 colony counts, states that it might be anywhere 
from 4 to 20. The most probable number is the mean, 12. With 
counts such as these, a negative guinea pig indicates avirulence. 

Summary of colony counts: mean number of live bacilli in one dose planted 
= 5: A counted suspension was diluted to contain a mean number of 5 
live single tubercle bacilli per dose. One thousand imaginary tubes were 
planted with presumably equal doses. Colony counts were obtained, as 
before, from the random sampling number tables. In lots of 100 tubes, 
the counts were: 481, 499, 442, 466, 509, 500, 496, 506, 522,512. Total, 
4,933; theory, 5,000. Counts on 5 samples of 10 tubes each are shown 
in table 1. In 94 samples out of 100, total colonies ranged from 37 to 
61. Out of 1,000 tubes or doses actually drawn, 9 had zero bacilli: 
theory, 7. 

Assuming a specimen to contain in one dose a mean number of 5 live 
bacilli, if one dose were planted and another injected into a guinea pig, 
the reports would be: negative guinea pig and positive culture, 7 tests 
in 1,000; positive guinea pig, negative culture; 7 tests in 1,000. Negative 
guinea pig and negative culture would be reported just under 5 times in 
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100,000 tests. Disagreement and false negatives may be eliminated 
completely by planting one dose in each of 3 tubes and injecting one 
guinea pig with 3 doses. Such a 3 x 3 test will not accomplish this if the 
specimen contains fewer bacilli. Tables 2, 3 and 4 give details. 

Summary of colony counts: mean number of live bacilli in one dose 
planted = 1: In lots of 100 tubes the counts were: 108, 118, 98, 81, 107, 
90, 89, 89, 94,99. Total, 973 by random sampling; theory, 1,000. 

The extremes among 100 samples of 10 tubes were: sample 1.92 (table 
1, line 9) with 20 colonies and sample 1.68 with 3 colonies as follows: 0, 


TABLE 2 


Variable results of 100 tests on the same specimen, with one guinea pig and 3 to 10 culture tubes 
Mean number of bacilli in one dose of specimen = 0.1 


NUMBER OF DOSES 
| GUINEA PIG POSI- | GUINEA PIG POSI- |GUINEA PIG NEGA-|GUINEA PIG NEGA- 


TIVE, CULTURE TIVE, CULTURE TIVE, CULTURE TIVE, CULTURE 


Injected into one Planted into | POSITIVE NEGATIVE POSITIVE NEGATIVE 
guinea pig tubes 


3 3 | 19 19 55 


5 5 24 24 37 
10 10 23 23 14 


TABLE 3 


Variable results of 100 tests on the same specimen, with one guinea pig and 3 to 10 culture tubes 
Mean number of bacilli in one dose of specimen = 0.5 


| 
GUINEA PIG POSI- | GUINEA PIG POSI-|GUINEA PIG NEGA-|GUINEA PIG NEGA- 
TIVE, CULTURE TIVE, CULTURE TIVE, CULTURE TIVE, CULTURE 
Injected into one Planted into POSITIVE NEGATIVE POSITIVE NEGATIVE 
guinea pig tubes 


NUMBER OF DOSES 


84 8 8 
87 7 7 


5 5 
10 10 


3 3 | 60 17 17 


0,0,0,3,0,0,0,0,0. If the first 5 doses of this sample had been planted 
into 5 tubes, and the remaining 5 doses had been injected into a guinea 
pig, the report would have been positive by culture, negative by guinea 
pig. This disagreement would happen in 1 test out of 100 (table 4) 
provided that 5 doses are injected and 5 doses are planted. 

In 96 samples out of 100, total colonies ranged from 4 to 16. In 1,000 
doses actually drawn by random sample numbers, the number of doses 
with zero bacilli was 381; theory, 368. 

Summary of colony counts: mean number of live bacillt in one dose 
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planted = 0.5: In lots of 100 tubes the counts were 52, 45, 50, 49, 50, 55, 
52, 45, 56, 48. Total, 502; theory, 500. 

Extremes among 100 samples of 10 tubes were: sample 34.5 with 12 
colonies as follows (table 1): 2, 1, 1, 0, 1, 0, 1, 1,0, 5. This last dose 
containing 5 bacilli could be taken from this suspension only 2 times in 
10,000 doses, but is much more frequent in stronger suspensions as 
shown in samples 10.68, 5.17 and 1.92. This shows that a single dose 
containing 5 bacilli might be drawn from homogeneous suspensions in 
which the mean number of bacilli per dose is 10, 5, 1 or 0.5. The sample 
with the lowest total was 22.5 in which all 10 tubes contained zero bacilli. 
This sample is unusual insofar as 1,000 specimens containing a mean 
number of 0.5 bacilli per dose will result in only 7 such negative-by- 
culture tests, in which 10 tubes are planted in one test. Unusual sam- 
ples were not rejected. 

TABLE 4 
Variable results of 100 tests on the same specimen, with one guinea pig and 3 to 10 culture tubes 
Mean number of bacilli in one dose of specimen = 1.0 
GUINEA PIG POSI-| GUINEA PIG PIG NEGA-/|GUINEA PIG NEGA=- 
TIVE, CULTURE TIVE, CULTURE TIVE, CULTURE TIVE, CULTURE 


Injected into one | Planted into POSITIVE NEGATIVE POSITIVE NEGATIVE 
guinea pig tubes 


NUMBER OF DOSES 


3 


| 

| 90 5 | 

5 | 5 99 | 
| | 


0 
0 
10 10 100 0 


In 95 samples out of 100, total colonies ranged from 2 to 10. In 
1,000 random doses, the number with zero bacilli was 620; theory 607. 

Summary of colony counts: mean number of live bacilli in one dose 
planted = 0.1: In lots of 100 imaginary tubes the counts were: 12, 13, 7, 
9,7, 13,9, 6, 11,9. Total, 96; theory, 100. 

Extremes among 100 samples of 10 tubes were: sample 18.1 with 3 
colonies as shown in table 1. The lowest total, zero, as in sample 24.1, 
is quite common in tests of the above suspension. Theoretically, when 
testing 100 specimens by 10-tube tests, zero colonies should occur 37 
times. This occurred 32 times in the 100 samples drawn by random 
sampling numbers. The failure to find one bacillus, although 10 tubes 
were used and bacilli are present, is due to random sampling. There was 
one bacillus in each of 43 samples (of 10 doses), 2 bacilli in each of 22 
samples and 3 bacilli in each of 3 samples. Out of 1,000 random doses, 
the number with zero bacilli was 907; theory, 905. 
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CALCULATION OF DISAGREEMENT BETWEEN GUINEA PIG AND CULTURE 
TESTS, DUE TO RANDOM SAMPLING 


The numerous variations in laboratory technique made it inadvisable 
to attempt to calculate the extent of disagreement for all of them. 
From the technique of Pinner and Woolley (7), Willis and Kelly (8), and 
several others, the following technique was selected as a basis for calcula- 
tion. The fluid specimen when ready for testing was assumed to contain 
single bacilli only. For one test, one guinea pig was injected with as 
many doses as were planted in culture tubes. As indicated in tables 2, 
3 and 4 one guinea pig may be injected with 3 or 5 or 10 doses in tests 
where 3 or 5 or 10 tubes are planted. Doses are assumed to be any equal 
units of volume or weight convenient for the investigator. 

Calculations of probabilities were made with the aid of the before 
mentioned tables prepared by Soper (2). These are summarized in 
tables 2,3 and 4. Table 2 may be read as follows: A suspension of single 
tubercle bacilli was counted in a chamber, serially diluted until the mean 
number of bacilli in one dose of final suspension was 0.1. All bacilli 
were assumed to be able to grow a colony. One hundred tests were made 
on this same suspension under identical conditions, in which one test 
consisted of planting 3 equal doses into 3 tubes and injecting one guinea 
pig with 3 similar doses. The first line of figures in table 2 indicates that 
in 55 tests the result will be negative by both guinea pig and culture. In 
these calculations, negative by culture means that no tube showed a 
colony because no dose contained a bacillus. Negative guinea pig 
means that the total bacilli in doses injected was zero. A positive guinea 
pig is one that received one or more bacilli. Plainly the 10-tube test 
greatly improves results; now only 14 tests out of 100 are negative to 
both guinea pig and culture. 

From table 1, it follows that a sample like 85.1 could be injected into a 
guinea pig and 24.1 planted into 10 tubes. Result: positive by guinea 
pig, negative by culture. But any combination might happen; all were 
included in the probability calculations. Thus, sample 24.1 might be 
injected and 85.1 planted. At this low level of bacillus concentration, 
disagreement persists even with 10 tubes. Much of the disagreement 
reported in the literature could be accounted for by random sampling of 
varying numbers of bacilli in assumed equal doses. 

The value of concentrating the bacilli in a specimen is indicated in 
tables 3 and 4. The 3-dose test will be falsely negative to guinea pig 
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and culture only 5 times out of 100 when the mean number of bacilli in 
one dose of specimen is 0.5. Theoretically the 10-dose test should not 
deliver any false negative results. As shown in table 1, at this level of 
0.5 bacilli per dose, total colonies may be anywhere from 0 to 12, usually 
not far from 5. One might infer that the number of bacilli in 10 doses 
injected into a guinea pig is not far from the total colony count. 

Concentration diminishes the number of disagreements as well as 
the number of false negatives. As shown in table 4, both are eliminated 
by the 10-dose test, provided that the mean number of bacilli in one dose 
of specimen is one or more. 


DISCUSSION 


Many publications give the percentage of tests negative to both 
guinea pig and culture as between 65 and 85, considerably in excess of 55 
as shown in table 2. This is probably because some specimens were 
true negatives, that is, they contained no live tubercle bacilli. Where 
concentration methods were used, there was a diminished percentage of 
disagreement. The percentage of positive guinea pigs in tables 2, 3 and 
4 is probably high because single bacilli might not always result in detect- 
able disease. When these qualifications are taken into consideration, 
the first line of figures of table 2 will resemble the corresponding data 
in many reports; for example those of Hoyt, Holzwart, Kuntzner and 
Fisk (9) and of Murphy and Duerschner (10). 


CONCLUSIONS 


Disagreement between guinea pig and culture tests may be due to 
random sampling of varying numbers of bacilli in assumed equal doses. 

In routine testing of specimens containing few bacilli both disagree- 
ment and false negatives will be diminished or eliminated by concen- 
trating the specimen. 

In one test, plant equal doses of specimen or concentrate in 10 culture 
tubes; inject 10 similar doses into one guinea pig. 

The 10-tube colony count offers an estimate of the number of bacilli 
injected into the guinea pig. 


CONCLUSIONES 


El desacuerdo entre las inoculaciones en el cobayo y los cultivos puede 
deberse a tomar al azar nimeros distintos de bacilos en dosis supuesta- 
mente iguales. 
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Al comprobar sistematicamente los ejemplares que contienen pocos 
bacilos, la concentracién de la muestra haré disminuir o eliminar tanto 
los desacuerdos como las seudonegativas. 

En una prueba, siémbrense dosis iguales del ejemplar o concéntrense 
en 10 tubos de cultivo; inyéctense 10 dosis semejantes en un cobayo. 

La numeracién de las colonias en 10 tubos permite calcular el nimero 
de bacilos inyectados en el cobayo. 
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EDITORIAL 


The Réle of Thoracoplasty and Pneumonectomy in Tuberculosis 
Complicated by Bronchial Stricture 


Recognition of tuberculous tracheobronchitis as an important compli- 
cation in approximately 11 per cent of the reinfection type of pulmonary 
tuberculosis has greatly clarified our understanding of the bizarre patho- 
logical and clinical behavior of this group of complicated cases. Deter- 
mination of the type, distribution and progress of the tracheobronchial 
lesions by serial bronchoscopy is necessary, not only for an evaluation 
of the prognosis but also for a sound opinion as to the most suitable 
treatment. 

When the tracheobronchial lesions are ulcerated, bronchoscopic treat- 
ment by 30 per cent silver nitrate solution or by electrocoagulation is at 
present widely accepted as best. When the bronchial lesions have 
produced a relatively great stenosis with consequent atelectasis and pul- 
monary fibrosis, with or without simple or tension cavities or bronchiec- 
tasis, the problem of treatment is particularly difficult. Phrenic paral- 
ysis is inadequate and harmful for these cases and experience has shown 
that pneumothorax is usually incapable of producing sufficient collapse of 
the rigid lung and overcoming the harmful effects of the bronchial ste- 
nosis. For these cases only thoracoplasty and total pneumonectomy are _/ 
likely to be successful, assuming that the patients’ general condition 
permits operation. In occasional cases a clinically successful pneumo- 
thorax will continue to be satisfactory as long as the pneumothorax is 
maintained, provided, of course, that no serious pleural complication 
arises. 

The choice between thoracoplasty and pneumonectomy must be based 
on a number of important factors. If the bronchial stenosis is so great 
that the patient cannot effectively evacuate the pulmonary secretions 
by coughing, even after attempted bronchoscopic dilatation of the stric- 
ture, and consequently becomes increasingly toxic, thoracoplasty would 
be unduly dangerous because it probably would, at least during the period 
of the staged operations, further impair the effectiveness of coughing. 
In such cases, pneumonectomy is the operation of choice and should also 
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be considered if a thoracoplasty has already been performed and has left 
the patient with the symptoms just mentioned. But, if there are any 
active tuberculous lesions in the opposite lung or if any progressive ulcer- 
ative bronchial lesions are present, pneumonectomy is definitely contra- 
indicated. In this event, no surgical treatment, unless possibly direct 
surgical drainage of a single large tuberculous cavity, could safely be used. 
There are very few patients who have the clear-cut indications for 
pneumonectomy and, at the same time, no contraindication. 

For those patients who have a unilateral bronchial stricture with 
atelectasis and fibrosis, with or without a tension cavity and bronchiec- 
tasis, and who are able (perhaps by virtue of an occasional bronchoscopic 
dilatation of the stricture) to evacuate their pulmonary secretions with 
sufficient effectiveness to prevent persisting toxicity, thoracoplasty is 
far preferable to pneumonectomy, not only because the surgical risk is 
far less but also because the clinical results are much better. The objec- 
tive of thoracoplasty in these cases is thoroughly to collapse all cavities 
and suppurating areas in the lung before the bronchial stricture becomes 
so tight as to cause retention of the pulmonary secretions with progres- 
sive infection. Thoracoplasty may be undertaken in the presence of 
mildly active tuberculous lesions in the opposite lung, whereas pneumon- 
ectomy may not be. Incidentally, neither operation may be safely 
used if there are progressive ulcerative bronchial lesions in either lung. 

Thoracoplasty, in order to be successful in patients having a compli- 
cating bronchial stricture, should be of the so-called modern type so that 
maximal pulmonary collapse will be produced. When atelectasis of a 
whole lung exists or threatens, the thoracoplastic collapse should include 
the entire lung. A majority of even large tension cavities become com- 
pletely closed when the modern type of thoracoplasty has been properly 
used although, occasionally, such cavities require direct surgical drainage 
during the course of a thoracoplasty, should their draining bronchi be 
tightly strictured. Particular attention must be paid to aiding patients 
with bronchial stricture to expectorate efficiently, and occasionally 
bronchial strictures must be dilated bronchoscopically during the course 
of a thoracoplasty. Although the difficulties of thoracoplasty in the 
presence of bronchial stricture are considerably greater than in uncom- 
plicated tuberculosis, Alexander, Sommer and Ehler, in an article that 
will soon be published in the Journal of Thoracic Surgery, report that 
25, or 65.8 per cent, of a 38-case series have closed cavities and negative 
sputa and that only 3, or 7.9 per cent, are dead. 
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The indications for lobectomy must be considered separately from 
those of pneumonectomy since a bronchial stricture of the type that 
occasionally produces the conditions demanding a pneumonectomy 
usually occurs in a main bronchus and not solely in a lobar bronchus. 
The chief uses for lobectomy in tuberculosis are for (1) relatively large 
cavities in the lower or middle lobe which pneumothorax and supple- 
mentary phrenic paralysis have failed to close and which even a total 
thoracoplasty is unlikely to close, (2) extensive fibrotic suppurating 
lesions confined to a lower or middle lobe and (3) bronchiectasis that is 
the sole source of positive sputum. The lesions in these three groups 
of cases frequently occur without bronchial stricture. Lobectomy 
should not be used, in my opinion, for the elimination of a single cavity 
that has been incompletely closed by a thoracoplasty, because the risk 
of lobectomy in such cases is greater than that of a revision of the thora- 
coplasty or the direct surgical drainage of the cavity. 


JoHN ALEXANDER 


MOTION PICTURES ON TUBERCULOSIS 


Motion pictures have won an important place in the educational program of 
tuberculosis associations. Competition for public attention is to-day very 
keen and something more than occasional newspaper articles and speeches is 
necessary to keep interest in tuberculosis alive. The movie is regarded by 
tuberculosis associations not as a means of entertaining, though that feature is 
not neglected, but as one of conveying information and motivating action. 
Pictures on tuberculosis are used mostly among non-theatrical groups and are 
best combined with a brief talk and the distribution of leaflets. Movies are 
welcome in schools and colleges and serve there as a basis for further study. 
Service clubs and other “ready-made” audiences readily accept a short movie 
and neighborhood theatres are easily persuaded to include a tuberculosis movie 
in the regular program. 

Six years ago the National Tuberculosis Association produced its first movie 
with sound. The timing of this step seemed right, for sound projectors of the 
16 mm. type had reached a high stage of perfection and local associations were 
in need of some means of reviving flagging interest in tuberculosis. Seven more 
productions followed at irregular intervals and all have been successful. How- 
ever, the first picture, ““Behind the Shadows,” continues to lead in popularity. 
To date more than 1,000 prints of this picture have been sold and most of these 
represent reorders. 

There is no accurate way of learning how many people are actually reached 
by these movies. A very conservative estimate is that a single print is seen 
by an average of 10,000 people. Multiplying that figure by the 3,500 prints 
that have been sold since 1936 yields a total of 35 million, though, of course, 
duplications are not taken into account. 

The office of the National Tuberculosis Association is responsible for produc- 
tion—scenarios originate there and every step is supervised by staff members. 
The entire cost of production is absorbed by the National office. Prints are 
sold at cost to associations, health departments or any reputable non-profit 
organization. A simple rule of thumb for estimating roughly the price of a 
given film is to assume that one minute of screening time equals approximately 
$1.00 of film cost. The price of 35 mm. is about twice as much. 

A considerable number of prints are sold to foreign countries; at present 
South American countries are active buyers. The National office does not 
maintain a lending or rental service but refers all requests to its state associa- 
tions. The movies are shown without charge. Clubs, schools, churches and 
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others who wish to use the movies apply to the nearest association which cheer- 
fully lends the prints desired and often supplies also the projector and operator. 
For each subject there is a leaflet describing the movie and these are widely 
distributed by associations. Brief descriptions of the several films follow. All 
are sound movies and may be had in 16 mm. or 35 mm. width; prices furnished 
on request. 


Diagnostic Procedures in Tuberculosis: For physicians and medical students. 
After an introduction by Dr. Kendall Emerson, Dr. Ralph S. Muckenfuss 
demonstrates the staining of sputum. Close-ups picture each step clearly 
while he speaks. Then Dr. Esmond R. Long performs an intracutaneous 
tuberculin test, explaining step by step what he is doing. Dr. Edgar Mayer 
follows with comments on X-ray films which appear in succession, full screen 
size. Finally Doctor Emerson, using a diagram, shows the correlation between 
early diagnosis and prognosis. Running time, about 13 minutes. 


Behind the Shadows: For teachers, parents and others interested in young 
people and for older school children and college students. A genial doctor, 
surrounded by a small group of high school boys and girls explains the meaning 
of shadows on an X-ray film. This launches him into a description of tubercu- 
losis—how it begins and develops. To make the story more vivid he tells 
about his little friend, John, infected by a doting aunt, and how early tubercu- 
losis was discovered in his lungs in a tuberculin-test survey. Animated 
diagrams show the progress of tuberculosis in the lungs. Laboratory and X-ray 
procedures are pictured with the doctor’s off-stage explanations in simple 
words. Running time, about 12 minutes. 


They Do Come Back: For adults and young people, especially those in whom 
one wishes to arouse an interest in rehabilitation. This is a so-called docu- 
mentary film. Alois Havrilla is the narrator; the setting is in ““Everytown”’ 
and Roy and Julie are the principal characters. Roy works in a steel mill and 
Julie in a factory. Both develop tuberculosis, are admitted to the sanatorium, 
get well and are retrained. Ofcourse they marry. The film is rather serious 
in tone, has good tempo and some excellent high lights of drama. It helps one 
to see how a well organized community goes into action when any of its mem- 
bers falls victim to tuberculosis. Running time, about 14 minutes. 


Goodbye, Mr. Germ: Intended for school children of elementary grades, but 
turned out to be a favorite also with adult groups. Doctor Morton, an earnest 
scientist, relaxing at home, rises to the defense of his specialty when his little 
son and daughter speak disdainfully of the tubercle bacillus pictured in his dull- 
looking book. “But suppose that little germ could talk,” he says, “what a 
story it would tell!” That gives him an idea; his far-away, mystic gaze fades 
into a fantastic, make-believe story. Now he is a quaint, lovable “professor” 
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in a bizarre laboratory with odd electrical and radio devices and an assortment 
of animals with whom he talks. He has discovered a way of talking also with 
Mr. Germ, a tubercle bacillus, who, in animated cartoons, tells his story to the 
professor. Actual scenes of situations in the sanatorium and at home are cut 
in now and then. Great care is taken to separate the make-believe from the 
actual. Humorous but pointed. Running time, about 13 minutes. 


On the Firing Line: For mature people, especially those interested in the 
broad program of tuberculosis prevention, the purpose being to give a bird’s- 
eye view of the tuberculosis situation in the United States and measures em- 
ployed to combat the disease. The narrator takes the audience on a travel 
tour to various places where he demonstrates situations and good practices. 
The journey leads to Washington, for the statistical picture, Saranac Lake for 
historical background, Louisville, to see a typical sanatorium in action, New 
Orleans and the Negro problem, rural Louisiana and the work of a mobile X- 
ray unit, Minneapolis for work among students, the Southwest for a thumb-nail 
sketch of the transient problem and other places. Running time, about 15 
minutes. 


Let My People Live: A drama with an all-Negro cast, starring Rex Ingram. 
It was intended primarily for Negro audiences but at once caught the fancy of 
white people as well. A simple story of a Negro family’s experience with 
tuberculosis. The main setting is Tuskegee University where the young son 
of a tuberculous mother is a student. The typical Alabama landscape, the 
humble homesteads, the clapboard church in need of paint, contrasted with the 
cheerful sanatorium and the beautiful Tuskegee campus give the picture a 
distinctive flavor, but most stirring, perhaps, is the haunting music, furnished 
by Tuskegee’s superb choir of 100 voices. Three distinct episodes are brought 
out in the story which illustrate that tuberculosis neglected ends in death, that 
tuberculosis discovered early and treated is curable and that tuberculosis may 
be anticipated and prevented. The popularity of this film is second only to 
“Behind the Shadows.” Running time, about 12 minutes. 


Cloud in the Sky: A drama for general audiences, picturing a cross-section of 
family and community life in a Spanish-speaking settlement near the Mexican 
border. There is a lively fiesta, sparkling music, the swishing of dancing 
senoritas’ scarfs but also the sombre dusk of an old Spanish church and a 
sympathetic Padre who understands the troubled minds and hearts of his 
flock. A wedding supper, vivid and gay, brings the story to a close. Woven 
into the tale are the elementary facts about tuberculosis. The purpose of this 
movie is two-fold—to instruct and help Spanish-speaking people and to arouse 
the sympathetic interest of people everywhere in the sorry plight of their Span- 
ish-speaking fellow-citizens. Running time, about 15 minutes. 
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Nubes in Cielo: Spanish version of “Cloud in the Sky.” The cast was 
bilingual and all scenes were photographed twice—in English and Spanish. 
Useful in communities where there are Spanish-speaking people. Also used 
in college and high school classes where Spanish is being taught. A number 
of South American countries are using the film. Running time, about 15 
minutes. 


Another to Conquer: Primarily for American Indian groups but also for all 
who like “Westerns.” Photographed at the Navajo Indian Reservation with 
an Indian cast with the exception of the doctor—a part superbly played by 
Dr. W. W. Peter, Medical Director of the Navajo Service. Slow-Talker, a 
respected leader of his tribe, is the principal figure. He deplores the inroads 
of the white man’s science into the traditions of The People. But tragic 
experiences in his own family with tuberculosis finally convince him that the 
white man’s way of fighting the disease is superior. Himself the victim of 
chronic tuberculosis he heroically renounces his love for the woods and hills 
and waters and remains in the sanatorium, saying, “I will not bring the enemy 
to the firesides of my people.” Magnificent scenery, brisk action, primitive 
life; but the feature of this film is the clear, convincing expositions of the doc- 
tor. Running time, about 16 minutes. 


H. E. KLeEInscHMIDT 


AMERICAN TRUDEAU SOCIETY 


At the annual meeting of the Southern Tuberculosis Conference in Asheville, 
North Carolina, on September 15, 16 and 17, 1941, the Medical Section of that 
organization voted to apply for recognition by the American Trudeau Society 
as its Southern Section. The Southern Tuberculosis Conference, which em- 
braces fourteen Southern states and the District of Columbia, formerly had a 
section of the American Sanatorium Association. With the broadening of the 
basis for physician membership in the Conference this affiliation was discon- 
tinued. For some years the Medical Section of the Conference has had no 
distinct organization. With its recognition as the Southern Conference Section 
of the American Trudeau Society, a constitution will be adopted. The officers 
elected for the newly organized section are: Dr. Victor H. Cullen of Maryland, 
President; Dr. Rollin D. Thompson of Florida, Vice-President; and Dr. Julius 
L. Wilson of Louisiana, Secretary. 
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